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i .„ . mrthnrf for inhibitina the adhesion of one cell to mother comprising interfering with the 
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INHIBITION OF LYMPHOCYTE ADHERENCE TO VASCULAR 
ENDOTHELIUM UTILIZING A NOVEL EXTRACELLULAR 
MATRIX RECEPTOR- LIG AND INTERACTION 

1. INTRODUCTION 
Tha present invention relates to a method for 
inhibiting tha adhesion of one cell to another. It is based 
on tha discovery that the aAfil extracellular matrix 
5 receptor promotas adhesion of lymphocytes to endothelial 
cells via attachment to a defined peptide sequence. In 
particular embodiments of the invention, monoclonal 
antibodies or peptides may be used to inhibit binding of 
lymphocytes to endothelial cells, thereby preventing 
lymphocyte entrance into tissue and suppressing -the immune 
response. 
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2. BACKGROUND OF THE INVENTION 
2.1. EXTRACELLULAR MATRIX RECEPTORS 

Specific cell surface receptors (R) for 
extracellular matrix (ECM) components such as collagen, 
fibronectin and laminin have been described (reviewed by 
Hynes, 1987, Cell, 48:549-554; Hemler, 1988, Immunol. 
Today, 9:109). The functions of the extracellular matrix 
receptors (ECMRs I, II and VI) have been defined by 
affinity chromatography (Wayner and Carter, 1987, J. Cell 
Biol., 105:1873-1884; Staatz et al., 1989, J . Cell Biol., 
198 :1917-1924) and by preparing monoclonal antibodies that 
specifically inhibited the interaction of cells with 
25 purified ligands (Wayner and Carter, 1987, J. Cell Biol. 
105:1873-1884) or ECM (Wayner et al., 1988, J. Cell Biol. 

107 t 1881-1891) . 

A variety of ECMRs have been identified using 
these techniques. Using mono- lonal antibodies, Wayner and 
Carter (1987, J. Cell Biol. 105:1873-1884) identified two 
classes of cell surface receptors for native collagen in 
human fibrosarcoma cells; class I was involved in cell 
adhesion to collagen, fibronectin and laminin, whereas 
class II was involved in cell adhesion only to native 
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collagen. Wayner et al. (1988, J. Call Biol. 107:1881- 
1891) identified monoclonal antibodiaa that inhibit human 
call adhesion to collagen (P1H5) , fibronectin (P1F8 or 
P1D6) and both collagen and f ibronactin (P1B5) ; P1F8 and 
P1D6 ware found to react with a 140 kD surface receptor 
known as ECMR VI. Kunicki at al. (1988, J. Biol. Chen. 
263:4516-4519) reported that P1H5 ( supra ) also specifically 
inhibited adhesion of unactivated human platelets to 
collagen typos I and III, but not to f ibronactin. A 
complex comprising at least three glycoproteins was 
isolated from chicken embryo fibroblasts, using monoclonal 
antibodies which Llock cell adhesion to fibronectin 
(Knudsen et al., 1985, Exp. Cell Res. 157:218-226; Chen et 
al., 1985, J. Cell Biol. 100:1103-1114) whereas a complex 
of two glycoproteins was isolated from mammalian cells 
using vitronectin affinity chromatography (Pytela et al., 
1985, Proc. Natl. Acad. Sci. U.S.A. 82:5766-5770; Pytela et 
al., 1986, Science 231:1559-1562). Major platelet surface 
glycoproteins lib and Ilia have been found to exist as a 
noncovalent 1:1 complex in the platelet membrane (Jennings 
and Phillips, 1982, J. Biol. Cham. 257:10458-10463) and to 
serve as an ECMR for fibrinogen (Bennett et al., 1983, 
Proc. Natl. Acad. Sci. U.S.A. 80:2417-2421; Marguerie et 
al., 1984, Eur. J. Biochem. 139:5-11), fibronectin (Gardner 
and Hynes, 1985, Cell 42:439-448; Plow et al., 1985, Blood 
66:724-727), von Hillebrand factor (Ruggeri et al., 1982, 
Proc. Natl. Acad. Sci. U.S.A. 79:6038-6041) and vitronectin 
^(Pytela et al., 1986, Science 231:1559-1562) . 

Structural homology is shared by the multitude 
of extracellular matrix receptors. The ECMRs are members 
of the integrin family of cell adhesion molecules and 
possess unique a subunits complexed to the integrin fil 
subunit (Hynes, 1987, Cell 48:549-554; Wayner and Carter, 
1987, J. Cell Biol. 105:1873-1884; Wayner et al., 1988, J. 
Cell Biol., 107:1881-1891). Additional members of the 
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intagrin receptor family include leukocyte adhesion 
proteins and the VIA antigens. The leukocyte adhesion 
proteins include LFA-1, Mac-1, and P150/95, and are dimeric 
glycoproteins composed of different a chains and a common, 
95-JcDa 0 chain, (Kishiomoto et al., 1987, Cell 48:681-690). 
5 VIA antigens are named for their very late appearance on 
cultured T lymphocytes (Hemler et al., 1983, J. Immunol. 
131:334-340; Healer et al., 1984, J. Immunol. 132:3011- 
3018; Hemler at al., 1985, Eur. J. Immunol. 15:502-508). 
Antisera to the VIA-J subunit were found to block cell 
adhesion to fibronectin or laminin fTakada et al., 1987, 

Nature 326 :607-610) ♦ 

Interrelationships between these ECMRs have been 
identified. ECMR VI is identical to the prototype 
fibronectin receptor (Pytala 1985 ' Cel1 ' ±°- :191 - 

198), a5pl. platelet glycoprotein (gp) Ic/IIa and VIA 5, 
ECMR II is identical to o201, platelet glycoprotein la/IIa 
and VIA 2 (Hemler et al., 1987, J. Biol. Chem. , 262:11478- 
11485) , and ECMR I is identical to a301 and VIA 3 (Kunicki 
et al., 1988, J. Biol. Chem., 263:4516-4519; Takada et al., 
1988, J. Cellular Biochem. , 37:385-393; Wayner et al., 
1988, J. Cell Biol. 107:1881-1891). Monoclonal antibod: is 
to a2fil, *2fil and a501 (P1H5, P1D6 and P1B5) inhibit 
fibroblast or platelet adhesion to collagen, fibronectin 
and laminin-coated surfaces (Kunicki et al., 1988, J. Cell 
25 Biol. 107:1881-1691; Wayner et al., 1988, supra) . Table I 
lists some of the members of the integrin family described 
supra, and Table II lists a number of monoclonal antibodies 
that recognize various ECMRs. 
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^* TABLE II 

Antl-ECMR Antlbodlag 



Atnibody R«captar Ligand 



Ref«ranca 



10 



P1H5 



Col lagan 

Lunlnin 



(Vaynar at al., 1987, J. 
Call Biol. 105:1873*1884; 
tfaynar at al. , 1988. J. 
Call Biol. 107: 1881-1891) 



15 P1B5 



"2*1 



Collogan 
Flbronactln 



(Vaynar at al., 1987 J. Call 
Biol. 105:1873-1884 



P4C2 



20 



P1D6 
Call 



Flbronactln 
(CS-l) 

Flbronactln 
(Arg-Cly-Aap-Sar) 



(Vaynar et al. , 1986, J. 
Biol. 105:1873-1884 



P4C10 



25 



P4119 fi 2 (Cdl8) 



FN. COL. LAM 
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The fil integrins are differentially expressed in 
cultured cells and tissue, and demonstrate clear 
differences in activation dependent expression. For 
example, expression of a501 in hematopoietic cells is 
restricted to subpopulations of thymocytes and peripheral 
blood lymphocytes, monocytes, acute lymphocytic or 
myelogenous leukemias, activated T cells, migrating 
hemopoietic precursor cells, and some cultured T, B or 
erythroleukemia cell lines (Bemardi et al., 1987, J. Cell 
Biol., 105:489-498; Cardarelli et al., 1988, J. Cell Biol., 
106:2183-2190? Garcia-Pardo et al., 1989 Garcia-Pardo et 
al., 1989, Exp. Cell Res., 181:420-431; Giancotti et al., 

1986, J. Cell. Biol., 103:429-437; Liao et al., 1987, Exp. 
Coll Res., 171:306-320; Wayner et al., 1988, J. Cell Biol. 
107:1881-1891. 

2.2. FIBRONECTIN 
Fibronectin is a protein found in the 
extracellular matrix as well as in plasma and on the 
surface of certain types of cells (AJciyama and Yamada, 

1987, Adv. Eniymol. 59:1-57). In plasma, fibronectin 
exists as a glycoprotein heterodimer consisting of two 
similar subunits (called A and B chains) , each having a 
molecular weight of approximately 220 JcDa (AJciyama and 
Yamada, 1987, Adv. Enrymol. 59tl-57; EricJcson et al., 1981, 
J. Cell Biol. 91:673-678). Multiple specialized 
intramolecular domains (Ruoslahti at al., 1981, J. Biol. 
Chea. 256:7277-7281) of tha fibronectin molecule may be 
cleaved into fragments which, in turn, are capable of 
interacting with collagen, fibrin, heparin, and cell 
surfaces in a manner analogous to that of the intact 
molecule (Hynes and Yamada, 1982, J. Cell Biol. 95:369- 
377). 
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Cellular and plasma fibronectin heterodimers 
comprise similar but not identical polypeptides. The 
variability in the structure of fibronectin subunits 
derives from variations in fibronectin mRNA primary 
sequence due to alternative splicing in at least 2 regions 
5 of the pre- fibronectin mRNA (the ED and IIICS regions) . 

Fibronectin is capable of promoting adhesion of 
a variety of cell types, such as fibroblasts (Grinell et 
al.. 1977, Exp. Cell Res. 110:175-210), macrophages 
(Bevilacque et al., 1981, J. Exp. Med. 153:42-60), 
10 polymorphonuclear leukocytes (Marino et al., 1985, J. Lab. 
Clin. Mad. 105:725-730), platelets (Koteliansky et al., 
1981, Fed. Euro. Biochem. Soc. 123:59-62) and keratinocytes 
(Clark et al., 1985, J. Invest. Dermatol. 84:378-383), to 
name but a few (Liao et al., 1989, Exp. Cell Res. 181:348- 
361) . interaction between fibronectin and a cell surface 
protein having a molecular weight of approximately 140 kDa 
has been observed in fibroblasts (Brown and Juliano, 1985, 
Science 228:1448-1451; Akiyama et al., 1986, J. Cell Biol. 
102:442-448; Brown and Juliano, 1986, J. Cell Biol. 
103:1595-1603; Wylie et al., 1979, J. Cell Biol. 80:385- 
402), endothelial cells (Plow et al., 1986, Proc. Natl. 
Acad. Sci. U.S.A. 83:6002-6006), lymphoid cells (Brown and 
Juliano, 1986, J. Cell Biol. 103:1595-1603; platelets 
(Pytela et al., 1986, Science 228:1559-1562; Gardner and 
75 Hynee, 1985, Cell 42:439-448), muscle cells (Horowitz et 
al., 1985, J. Cell Biol. 101; 2134-2144; Danbsky et al., 
1985, J. Cell Biol. 100:1528-1539; Chapman, 1984, J. Cell 
'Biochem. 259; 109-121) , and osteosarcoma cells (Pytela et 
al., 1985, Cell 40t 191-198). 
30 The binding of fibronectin to cell surfaces may 

be competitively inhibited by fragments of fibronectin 
(Akiyama et al., 1985, J. Biol. Cham. 260:13256-13260). 
Using synthetic peptides, a sequence of what was thought to 
be the only minimal cell-recognition site was identified as 

35 
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the tetrapeptide Arg-Gly-Aep-Ser (RGDS) (Pierschbachar and 
Ruoslahti, 1984, Nature 309:30-33; Piarachbachar at al., 
1982, Proc. Natl. Acad. Sci. U.S.A. 60:1224-1227; 
Piarachbachar at al., 1984, Proc. Natl. Acad. Sci. U.S.A. 
£1:5985-5988; Axiyama at al., 1985, J. Cell Biol. 102:442- 
448). Tha RGDS sequence prasant in tha •cell-binding* 
domain of fibronactin ia tha ligand for the prototype of 
fibronection receptor deacribad by Pytela et al. (1985, 
Cell 40:191-198) . 

Varioua obaervationa auggeatad that regiona 
other than RGDS nay function in fibronactin binding 
(Humphries et al., 1986, J. Cell Biol. 103:2637-2647). For 
example, the binding affinity of aynthetic peptidea was 
found to be aubatantially lower than the binding affinity 
aaaociated with larger fragments or intact fibronactin 
(AJciyama et al., 1985, J. Biol. Cham. 260:10402-10405; 
Akiyamaet al., 1985, J. Biol. Cham. 260:1325 13260). 
McCarthy et al. (1986, J. Call Biol. 102: 179- A 88) reported 
binding affinity betwean a 33kDa fragment of plaama 
fibronactin and B16-F10 melanoma tumor cells. Bernard! et 
al. (1987, J. Call Biol. 105:489-498) reported that 
lymphoid precuraor eel la adhered to two different sites on 
fibronectin; the BaF3 cell line interacted with the RGD 
binding domain, whereas the PD31 cell line appeared to 
interact with a different domain located in tha carboxy 
terminal segment and associated with a high affinity 
binding site for heparin. 

Humphries et al. (1986, J. cell Biol. 103:2637- 
2647)' compared the ability of fibronectin fragments to form 
adhesive interactions with melanoma versus fibroblastic 
cells. Fibroblastic BHK cells were observed to spread 
rapidly on a 75kDa fragment representing the RGDS 
containing cell-binding domain, whereas B16-F10 melanoma 
cells did not appear to apread on the 75kDa fragment, but, 
instead were observed to spread on a 113kDa fragment 
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derived from the portion of fibronectin containing the type 
III connecting segment (CS) difference region, or V-region 
(in which alternative splicing of mRNA may occur) . In this 
IIICS region, located near the fibronectin carboxyl 
terminus, the sequence Arg-Clu-Asp-Val (REDV) appeared to 
5 have functional significance. Humphries et al. (1987, J. 
Biol. Chem. 262:6886-6892) studied a series of overlapping 
synthetic peptides spanning the IIICS region. Two 
nonadjacent peptides, CS1 and CSS, were found to be 
competitively inhibitory for adhesion of fibronectin to 
melanoma, but not to fibroblastic, cells, with CS1 showing 
greater inhibitory activity than CSS. Liao et al. (1989, 
Exp. Cell Res. 181:348-361), reported that MOPC 315, IgA- 
secreting lymphoid cells, in addition to binding to the 
cell binding domain via an RCD interaction, bound 
preferentially to the carboxy-terminal heparin binding 
domain by an RGD-independent mechanism* However, the 
adhesion sequence (s) present in the carboxy terminal 
regions of fibronectin and the cell surface receptor (s) 
responsible for adhesion of cells to these adhesion 
sequences have not been identified. 
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2.3. BIOLOGICAL FUNCTIONS OF CELL ADHESION MOLECULES 
Adhesive interactions between cells have been 
found to occur during many important biological events, 

25 inlcuding tissue differentiation, growth and development, 
and also appear to play a critical role in the pathogenesis 
of various diseases (Humphries et al., 1986, J. Cell Biol. 
102:2637-2647 i Crinnell, 1984, J. Cell Biochem. 26:107-116; 
Hynes, 1986, Sci. Am. 254:42-51). 

30 For example, adhesive interactions are known to 

be extremely important in the immune system; in which the 
localization of immune mediator cells is likely to be due, 
at least in part, to adhesive interactions between cells. 
Recirculation of lymphoid cells is non-random (Male et al., 
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in "Advanced Immunology", J. B. Lippincatt Co., 
Philadelphia, p. 14.4 - 14.5); lymphocyte demonstrate a 
preference for the type of secondary lymphoid organ that 
they will enter. In trafficing through a secondary 
lymphoid organ, lymphocytes must first bind to the vascular 
5 endothelium in the appropriate post-capillary venules, then 
open up the tight junctions between endothelial cells, and 
finally migrate into the underlying tissue. Migration of 
recirculating lymphocytes from blood into specific lymphoid 
tissues , called homing, has been associated with 
complementary adhesion molecules on the surface of the 
lymphocytes and on the endothelial cells of the high 
endothelial venules. 

Likewise, the adherence of polymorphonuclear 
leukocytes to vascv.lar endothelium is believed to be a key 
event in the development of an acute inflammatory response, 
and appears to be required for an effective chemotactic 
response as well as certain types of neutrophil-mediated 
vascular injury (Zimmerman and Mclntyre, 1988, J. Clin. 
Invest. 81:531-537; Harlan et al., 1987, in "Leukocyte 
Emigration and its Sequelae", Movat, ed. S. Karger AG, 
Basel, pp. 94-104; Zimmerman et al., ibid., pp. 105-118). 
When stimulated by specific agonist substances, the 
polymorphonuclear leukocytes (Tonnensen et al., 1984, J. 
Clin. Invest. 74:1581-1592), endothelial cells (Zimmerman 
et al., 1985 # J. Clin. Invest. 76:2235-2246; Bevilacque et 
al., J. Clin. Invest. 76:2003-2011), or both (Gamble et 
al., 1985, Proc. Natl. Acad. Sci. U.S.A. 82:8667-8671) 
become adhesive; as a result, polymorphonuclear leukocytes 
accumulate on the endothelial cell surafce. 

In addition, studies with specific anti- 
glycoprotein antibodies in patients with immune deficits 
indicated that one or more components of the CD18 complex 
are required for effective neutrophil chemotaxis and other 
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adheeion-related function* (Zimmerman and Maclntyra, 1988, 
J. Clin. Invest. 81:531-537). The CD18 complax is 
idantical to tha fi 2 intagrin subfamily (supra) . 

During maturation and dif ferentiation, 
lymphocyte sub-populations localize in diffarant anatomical. 
5 sitas; for example, immatura T cells localiza in tha 

thymus. Similarly. IgA-producing B calls ara observed to 
localiza in tha intestinal mucosa (Parrott, 1976, Clin. 
Gaatroenterol . 5:211-228). In contrast, igG-producing B 
cells localize primarily in lymph nodes, from which IgG is 
secreted into the systemic circulation (Parrott and 
daSousa, 1966, Nature 212:1316-1317). T cells appear to be 
more abundant in skin epidermis than in mucosal linings 
(Cahill at al., 1977, J. Exp. Mad. 145:420-428). 

The physiologic importance of leukocyte adhesion 
proteins ( supra ) is underscored by the existence of a human 
genetic disease, leukocyte adhesion deficiency (LAD; 
Anderson et ml.. 1985, J. Infect. Dis. 152:668; Amaout at 
al., 1985, Fed. Proc. 44: 2664). Various studies have 
indicated that tha molecular defect associated with LAD 
results in either lack of synthesis of the common fi chain 
or normal rate of synthesis followed by rapid degradation 
(Li^wska-crospierre et al., 1986, Eur. J. Immunol. 16:205; 
Diamanche et al., 1987, Eur. J. Immunol. 17:417). In the 
aevere form of IAD, neither LFA-1, Mac-1, nor pl50/95 are 
25 expressed on the leukocyte membrane; low levels of 
leukocyte membrane expression have been observed in 
patients suffering from the moderate form of the disease. 
"This leads to a defective mobilization of polymorphonuclear 
leukocytes and monocytes from the vasculature to tha issues 
30 during the inflammatory response, with consequent recurrant 
bacterial infections (Anderson at al., J. Infect. Dis. 
152:668; Amaout et al., 1985, Fed. Proc. 44:2664). 
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ECMR» have also been observed to be associated 
with functions outsids of ths inununs system. Loss of the 
Ilb/IIIa platelet surface glycoprotein complex appears to 
result in defective platelet function in a genetic disease 
known as Glanzmann's thrombasthenia, (Hynes, 1987, Cell 
48:549-554). Humphries et al. (1988, J. Cell Biol. 
106 :1289-1297) observed that neurons of the peripheral 
nervous system were able to extend neurites onto substrates 
bearing both the central cell-binding domain and the IIICS 
region of fibronectin. Furthermore, we have recently shown 
that neurite formation on laminin or fibronectin can be 
inhibited by antibodies to ECMRs. 



3. SUMMARY OF THE INVENTION 
The present invention relates to a method for 
inhibiting the adhesion of one cell to another comprising 
interfering with the interaction between the extracellular 
matrix receptor and its ligand. 

The invention is based upon the discovery that 
the oAfil extracellular matrix receptor promotes adhesion of 
20 lymphocytes to endothelial cells via attachment to a defined 
peptide sequence. Prior to the present invention, the ligand 
of the o401 receptor had not been identified, nor had the 
function of the a401 receptor in lymphocyte attachment been 
known. By preventing the interaction between the o401 
25 receptor and its ligands using antibodies or defined peptide 
sequences, the present invention enables, for the first time, 
specific intervention in the migration of lymphocytes through 
the vascular endothelium and into tissues. The present 
invention, therefore, has particular clinical utility in 
suppression of the immune response; in various specific 
embodiments of the invention, the adherence of lymphocytes to 
endothelium may be inhibited systsmically, or may, 
alternatively, be localized to particular tissues or 
circumscribed areas. Accordingly, the present invention 
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provides for treatment of disaasee involving autoimmune 
raaponaa. a* wall as othar chronic or ralapaing activations 
of tha immune system, including allergy, asthma, and chronic 
inflammatory akin condition*. 

5 3.1. ABBREVIATIONS 

Peptide sequences defined herein are represented by 
the one-letter symbols for amino acid residues as follows: 

A (alanine), R (arginine) , N (asparagine) , D 
(aspartic acid) , C (cysteine) , Q (glutamine) , E (glutamic 
10 acid), G (glycine), H (histidine) , I (isoleucine) , L 

(leucine), K (lysine), M (methionine), F (phenylalanine), P 
(proline), S (serine), T (threonine), W (tryptophan), Y 
(tyrosine), V (valine). 

15 A DESCRIPTION OF THE FIGURES 

Figure 1. Adhesion of T lymphocytes (Molt 4) , 
K562-1, RD or HT1080 cells to plasma fibronectin, inhibition 
with P1D6 monoclonal antibody and cell surface expression of 

a501. 

2° 51 cr-labeled cells (10 5 cells/ml) were incubated 

with P106 monoclonal antibody (50 „g/ml) for 60 minutes at 4 • 
C and allowed to attach to f ibronectin-coated (20 *g/ml) 
plastic surfaces in the presence of P106 (solid bars) or 
mouse IgG (open bars) for 30 min (HT1080 or RD) or 4 hr (Molt 
25 4 or K562) at 37* C. Adhesion to plasma fibronectin (pFN) is 
expressed as 51 Cr cpm bound to the plastic surfaces. Cell 
surface expression of o5*l was determined by flow cytometry by 
Staining of cells in suspension with P1D6 monoclonal 
antibody. Log P106 fluorescence (striped bars) is expressed 
30 as mean channel number (0-255) above background. 

Figure 2. Immune precipitation of lymphocyte 
fibronectin receptor from HT10890, Molt 4 or chronically 
activated CD8+ T (LAK) cell detergent extracts. 
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125 I-labeled Molt 4 , LAK or HT1080 cell* were 
extracted with 1% Triton X-100 in the presence of 
phenylmethyl sulfonyl fluoride (1 aM) , N-ethylmaleimide (1 
mM), leupeptin (1 *g/ml) and diisopropyl f luorophosphate (1 
mM). as protease inhibitor.. Aliquot, of these extracts were 
5 immune precipitated with monoclonal antibodies directed to 
a3/Jl (P1B5), o201 (P1H5) and o401 (P3E30. The immune 
precipitated antigens were run on 7.5% SDS-PAGE gels in the 
absence of 2-ME and visualized by autoradiography. The three 
bands immune precipitated with P3E3 from T lymphocytes are 

10 indicated (arrows). 

Figure 3. Identification of lymphocyte specific 

fibronectin receptor as Integrin a401 . 

125 I-surface labeled Jurkat cells were extracted 
with 0.3% CHAPS in the presence of 1 mM CaCl 2 , 1 mM 
15 diisopropyl-fluorophosphate, 1 mM phenylmethyl sulfonyl 

fluoride, IBM N-ethylmaleimide, 1 *g/ml leupetin and 2 ^g/ml 
soybean trypsin inhibitor. Aliquots of the extracts were 
then immune precipitated with myeloma (SP2) culture 
supernatant or with monoclonal antibodies P3E3, P4C2, P4G9 or 
20 with P1D6 (anti-e5Jl) . The immune precipitates were run on 8% 
SDS-PAGE gels in the absence of reducing agent and visualized 
by autoradiography. Molecular weight markers are shown on 
the left-hand side. The e5 and fil subunits are indicated as 
are the bands present in immune precipitates prepared with 
25 P3E3, P4C2 and P4G9 (arrows). 

Figure 4. Localization of aifil and a5fi\ in focal 
adhesions on fibronect in-coated surfaces. 

RD cells were trypsinized and allowed to adhere to 
silanized and fibronectin-coated (20 ,.g/ml) glass cover slips 
30 in the absence of serum for 1 hour at 37' C. At the end of 
this time the cells were prepared for localization of 
receptors in focal adhesions as described (Experimental 
Procedures) . Panels A and C show focal adhesions (arrows) 
visualized by interference reflexion microscopy when RD cells 
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an adhered to fibronectin. Panel B show. the reorganization 
of the RGD prototype fibronectin racaptor a5fil atainad with 
antibody AB33 to the focal adhesions (arrows) . Panel D shows 
the reorganization of «4*L stained with P4G9 (FITC) also to 
the focal adhesion, when RD cells are adhered to fibronectin 
5 (arrow.) . Panel. A and B are the same field and Panels C and 

D are the ease field. 

Figure 5A. Domain structure of human plasma 
fibronectin (pFN) .howing the origin of the fragment, u.ed in 
thi. study. B. SDS-PAGE gel analy.i. (10% acrylamide) 
10 demonstrating the purity of the fragments. 

The 80 kDa fragment had the N-terminal amino acid 
sequence SD()VPSPR()LQF, and therefore begin, at position 874 
of the fibronectin molecule (Komblihtt et al., 1985, EMBO J. 
4:1755-1759). Thi. fragment contain, the cell binding domain 
15 (Ceil) and the RGDS ..quence of fibronectin <*> . The 58 kDa 
and 38 kDa fragment, had the N-terminal amino acid sequence 
TAGPDQTEMTIEGLQ. Both fragments contain the C-terminal 
Heparin binding domain (Hep II) and result from a different 
cleavage of the two fibronectin chains by trypsin. The 38 
20 kDa fragment comprise, the first 67 amino acid residues of 
the alternatively spliced connecting segment of fibronectin 
(IIICS) (Garcia-Pard©; 1987, Biochem. J., 241:923-928) and it 
is therefore derived from the A chain. The 38 kDa fragment 
doe. not contain the REOV adhe.ion .ite recognized by B16-F10 
25 melanoma cells (Humphrie. et al., 1986, supra; Humphries et 
al., 1987, supra ) . The 58 kDa fragment i. al.o derived from 
the B chain of fibronectin and lacks the IIICS region 
(Garcia-Pardo, et al., 1989, EMBO J., submitted). The 58 kDa 
fragment also contains the C-terminal fibrin binding domain 
of fibronectin (Fib II), and is similar to previously 
reported fragments from this region of plasma fibronectin 
(Click, E. M. , and Ballan, G. 1985, Biochem., 24:6685-6696). 
The bands are visualized by a silver strain. 
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Figure «. Adhesion of Hematopoietic calls to plasma 
fibronsctin and the purified 38 JcDa and 80 kDa tryptic 
fragments of plasma fibronsctin. 

51 cr -labeled K562 (erythroleukemia) , Jurkat (CD3+ T 
lymphocyts) and YT (CD3- T lymphocyte) calls (10 5 /well) were 
5 allowed to adhere to plastic surfaces that had been coated 
with intact plasma fibronectin (pFN) or the p—ified 80 JcDa 
and 38 kDa tryptic fragments at the indicate concentrations 
for 2 hours at 37- C. At the end of this time non-adherent 
calls ware washed off and the bound calls ware solubilized in 
SDS/NaOH and quantitat.d. Tha ra.ult. ara expressed as bound 
51 Cr cpm. 

Figure 7. Effect of the monoclonal antibodies P1D6 
and P4C2 to the integrin receptors a5fil and o4*l 
(respectively) on adhesion of T lymphocytes to intact plasma 
fibronectin (pFN) or the purified 80 kDa and 38 kDa tryptic 
fragments . 

51 Cr _ labeled Molt 4 ca n« were incubated with 
purified P1D6 or P4C2 monoclonal antibodies (50 „g/ml) or 
purified mouse IgC (50 „g/ml) for 1 hour at 4' C. They were 
20 then allowed to adhere to plastic surfaces that had been 

coated with intact plasma fibronectin, or tha 80 kDa and 38 
kDa tryptic fragments at the indicated concentrations for 1 
hour. At tha and of this tims tha non-adherent cells were 
washed off and tha adherent calls ware solubilized and bound 
25 51 cr cpm wars quantitatad in a gamma counter. Tha results 
ara expressed as bound cpm. 

Figure 8. Effect of CS-1 B12 peptide on T 
lymphocyte adhesion to IL-1J Activatsd HUVE cells. 
Figure 9. 

30 (a) Diagram of tha III CS and CS-1 regions. 

(b) Amino acid sequence of CS-1, A13, and 

B12. 
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5. DETAILED DESCRIPTION OF THE INVEHTIOW 
In experiments designed to examine the function of 
aSfil in lymphocytes, it was observed that resting peripheral 
blood and cultured T lymphocytes (Molt 4 or Jurkat) expressed 
an affinity for f ibronectin independent of the prototype 
5 fibronectin receptor, a501. Although these cells attached to 
fibronectin-coated surfaces they expressed low or 
undetectable levels of a5fil recognized by the functionally 
defined ©cnoclonal antibody, P1D6 (Wayner et al., 1988, J. 
Cell Biol, 107:1881-1891). Furthermore, T lymphocyte 
10 adhesion to fibronectin could only be partially inhibited by 
P1D6 or RGD containing peptides suggesting the involvement of 
other receptors for fibronectin in the adhesion process. 
Alternatively, adhesion of other cells to fibronectin, such 
as malignant or transformed fibroblasts and activated T 
15 lymphocytes (LAK cells) could be completely inhibited by 
P1D6. This suggested that resting peripheral blood T 
lymphocytes and cultured T cell leukemias express multiple 
independent and functional fibronectin receptors. 

According to the present invention, an alternative 
20 fibronectin receptor was identified by preparing monoclonal 
antibodies that specifically inhibited the adhesion of T 
lymphocytes but not other cells to fibronectin. This 
receptor was identical to the integrin receptor, o401, and 
mediated the attachment of peripheral blood lymphocytes, 
5 s cultured T cell lines and RD cells to plasma fibronectin. 

Furthermore , T lymphocytes expressed a clear preference for a 
^ 38 kDa tryptic fragment of plasma fibronectin (Garcia-Pardo 
et al., 1987, Biochsa. J., 241:923-928) containing the 
Heparin II domain and 67 amino acid residues of the type III 
30 connecting segment (IIICS) spanning the CS-1, CS-2 and CS-3 
regions defined by Humphries et al., 1986, J. Cell. Biol., 
103:2637-26471 Humphries et al., 1987, J. Biol. Chem. , 
262:6886-6892) . According to the present invention, T 
lymphocytss wers found to attach only to CS-1 and monoclonal 
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antibodies to o401 (P3E3, P4C2 P4G9) completely inhibited T 
lymphocyte adhesion to the 38 kDa fragment and to CS-1. T 
lymphocyte* were also found to attach (with much lower 
affinity) to a site present in the Heparin II domain and 
monoclonal antibodies to atpl also inhibited this interaction. 

5 The functionally defined monoclonal antibodies to a401 did not 
inhibit T lymphocyte adhesion to an 80 kDa tryptic fragment 
of plasma fibronectin containing the RCD sequence, whereas 
antibodies to oZfll (the prototype fibronectin receptor) 
completely inhibited this interaction. 

10 xn addition, the present invention relates to the 

discovery that the *4fil receptor mediates the interaction 
between lymphocytes and endothelial cells. According to the 
invention, antibodies or peptides can be used to block the 
adhesion of lymphocytes to endothelial cells. 

15 For purposes of clarity of disclosure, and not by 

way of limitation, the present invention will be described in 
the following subsections. 

i) Preparation of antibodies to 
extracellular matrix receptors (ECMRs) ; 

ii) Characterization of the ECMR-ligand 
interaction; 

iii) Methods of intervening in cell adhesion; 

iv) Utility of the invention; and 

v) Peptides and antibodies of the 
25 invention. 

5.1. PREPARATION OF ANTIBODIES TO 
^ EXTRACELLULAR MATRIX RECEPTORS 

Preparation of antibodies to extracellular matrix 

30 receptors may be performed using any method for generating 

antibodies known in the art. Intact cells, or purified 

extracellular matrix receptor (ECMR) may be used as 
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immunogen. Immunization of a ho»t is preferably performed 
using immunogen obtained from a xenogeneic source. 
Antibodies nay be polyclonal or monoclonal. 

Various procedures known in the art may be used for 
the production of polyclonal antibodies to epitopes of a given 
5 ECMR. For the production of antibody, various host animals 
can be immunized by injection with an ECMR protein, or a 
synthetic protein, or fragment thereof, or, alternatively, 
intact cells ».ey be used. Various adjuvants may be utilized 
to increase the immunological response, depending on the host 
species, and including but not limited to Freund's (complete 
and incomplete), mineral gels such as aluminum hydroxide, 
surface active substances such as lysolecithin, pluronic 
polyols, polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanins, dinitrophenol , and potentially useful human 
adjuvants such as BCG (bacille Calmette-Guerin) and 
Corynebacterium parvum . 

A monoclonal antibody to an epitope of a ECMR can 
be prepared by using any technique which provides for the 
production of antibody molecules by continuous cell lines in 
culture. These include but are not limited to the hybridoma 
techniques originally described by Kohler and Milstein (1975. 
Nature 256:495-497) and Taggart and Samloff (1983, Science 
219:1228-1230), and the more recent human B cell hybridoma 
technique (Kozbor et al., 1983, Immunology Today 4:72) and 
25 EBV-hybridoma technique (Cole et al., 1985, Monoclonal 

Antibodies and Cancer Therapy, Alan R. Lies, Inc., pp. 77-96). 

The monoclonal antibodies for therapeutic use may 
be" human monoclonal antibodies or chimeric human-mouse (or 
other species) monoclonal antibodies. Human monoclonal 
30 antibodies may be made by any of numerous techniques known in 
the art ( e.g. . Teng et al., 1983, Proc. Natl. Acad. Sci. 
U.S.A. 80: 7308-7312 > Kozbor et al., 1983, Immunology Today 
4:72-79; Olsson et al., 1982, Math. Enzymol. 92:3-16). 
Chimeric antibody molecules may be prepared containing a mouse 
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antigen-binding domain with human constant regions (Morrison 
et al., 1984, Proc. Natl. Acad. Sci. U.S.A. 81:6851, Takeda et 
al., 1985, Natura 314:452). 

A molecular clona of an antibody to an ECMR epitope 
can ba prepared by known techniques. Recombinant DNA 
5 methodology (see «.g., Maniatia et al., 1982, Molecular 

Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, New York) may ba used to construct nucleic 
acid sequences which encode a monoclonal antibody molecule, or 
antigen binding region thereof. 

Antibody molecules may be purified by known 
techniques, e.g. . immunoabsorption or immunoaf f inity 
chromatography, chromatographic methods such as HPLC (high 
performance liquid chromatography), or a combination thereof, 
etc. 

Antibody fragments which contain the idiotype of 
the molecule can be generated by known techniques. For 
example, such fragments include but are not limited to: the 
F(ab') 2 fragment which can be produced by pepsin digestion of 
the antibody molecule: the Fab' fragments which can be 
generated by reducing the disulfide bridges of the F(ab') 2 
fragment, and the 2 Fab or Fab fragments which can be 
generated by treating tha antibody molecule with papain and a 

reducing agent. 

Likewise, antibodies which are reactive with ECMRs 
25 produced by the above methods may be identified and selected 
by any technique known in the art. For example, antibodies 
may be shown to bind to and/or iamunoprecipitatr a known ecmr 
which has bean purified or otherwise separated xrom other 
proteins, as in a polyacrylamide al. Alternatively, 
antibodies to ECMRs may be identified by their ability to 
compete with previously known ECMR antibodies for binding to 
ECMRs. Antibodies which bind to ECMRs may also be identified 
by thair ability to block an ECMR/ligand interaction. For 
example, and not by way of limitation, cells bearing an ECMR 
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receptor which bind* to fibronectin (which need not, itself, 
have been identified or characterized, but merely functionally 
defined) nay be shown to adhere to a substrate coated with 
fibronectin. If an antisera or hybridoma supernatant nay be 
shown to inhibit the adherence of cells to the substrate, the 
5 antibodies contained in antisera or supernatant nay recognize 
the ECMR receptor. 

According to the invention, antibodies which 
recognize the c»401 receptor nay be prepared by the methods 
outlined supra . In a preferred embodiment of the invention, 
monoclonal antibodies directed toward aApi may be produced as 
follows: mice obtained from RBF/DN mice may be immunized with 
about 100 m1 of packed T lymphocytes; their spleens may 
subsequently e removed and fused with myeloma cells, for 
example, NS-1/FOX-NY nyeloma cells, as described by Oi and 
Herzenberg (1980, in 'Selected Methods In Cellular 
Immunology," Mishell and Shiigi, eds, Freeman and Co., San 
Francisco, pp. 351-373) and Taggart and Samloff (1983, Science 
219:1228-1230). Viable heterokaryons may then be selected in 
RPMl 1640 media supplemented with 

adenine/aminopterin/thymidine. Hybridomas producing antibody 
directed toward lymphocyte ECMRs may be screened by adhesion 
to fibronectin-coated surfaces and cloned by limiting 
dilution. In particular, antibodies directed toward aAfil may 
be identified, for example, by the ability to block adherence 
of lymphocytes to substrate coated with CS-1 peptide or its 
derivatives, or to endothelial cells. Antibodies which 
recognize e4*l will not, however, inhibit the binding of cells 
bearing the o501 receptor to RCD-peptide coated substrate. 
Alternatively, antibodies directed toward a*fil, »»y »• 
30 identified by their ability to i) competitively inhibit the 
binding of known anti-<*401, antibodies (such as P4C2 or 
P4C10) , or ii) bind to the same protein as known anti-«401, 
antibodies (e.g. in a protein gel, Western blot, or in 
sequential immunoprecipitation experiments) . 

36 
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5.2. CHARACTERIZATION OF THE ECMR/ LIGAND INTERACTION 

The interaction between an extracellular membrane 
receptor may be characterized, for example, and not by way of 
limitation, by the following methods: 

i) Determination of receptor distribution 
and function; 



receptor and/or ligand. 
These methods will be described more fully in the three 
following subsections. 

5.2.1. DETERMINATION OF RECEPTOR DISTRIBUTION AND FUNCTION 
According to the methods of the invention, receptor 
distribution may be determined using any method known in the 
art. For example, and not by way of limitation, cell 
populations bearing the ECMR may be identified using 
monoclonal antibodies directed toward the ECMR of interest. 
Binding of antibody to the ECMR may be detected using 
immunohistochemical techniques such as immunofluorescence and 
immune peroxidase staining. Alternatively, populations of 
cells bearing the ECMR of interest may be collected using 
fluorescence-activated cell sorting techniques. 



reorganization of cell surface adhesion receptors to the focal 
adhesions when cells are grown on the appropriate ligands 
(Burridge et al., 1988, Ann. Rev. Cell Biol. 4:487-525), one 
method for characterizing the functional interaction between a 
given receptor and a potential ligand involves determining 
whether the ECMR of interest distributes into the focal 
adhesions formed between cell and ligand substrate. For 
example, and not by way of limitation, a4fil may be shown to 
interact with fibronectin in a receptor/ligand relationship by 
the following method (see also section 6.2.3., infra). 
Lymphocytes may be allowed to adhere to a fibronectin 



ii) Intervention in receptor/ligand binding; 

iii) Isolation and chemical characterization of 



Because there appears to be a specific 
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aubatrate, and the focal adhaaiona between calla and substrate 
may ba visualized by intarfaranca reflexion microacopy (Izzard 
at al., 1976, J. Call Sci. 21:129-159). Antibodies which 
recognize a*pi, auch aa P4G9 or P4C10, nay ba used to show, 
using standard immunohistochemical techniques, e.g. fluoro-iso 
5 thiocyanate, that in the absence of serum, a401 redistributes 
into the focal adhesions. 

Interaction between ECMR and ligand nay also be 
characterized by testing for the ability of the ECMR to adhere 
to a variety of different substrates. For example, a cell 
type of interest or an ECMR of intarat may be teatad for the 
ability to bind to substrates consisting of purified 
components of the extracellular matrix, such as fibronactin, 
collagen, vitronectin or laminin. In a specific embodiment cf 
the invention, cells bearing the aAfil may be shown to adhere 
to fibronectin, but not to collagen or laminin substrates as a 
result of the <*401/ fibronectin interaction. 

In further embodiments of the invention, in which 
an ECMR of interest is shown to bind to a particular protein 
ligand, substrates bearing eubfragments of the protein ligand 
may be tosted for the ability to bind to an ECMR on the 
surface of cells, thereby permitting the localization of the 
binding site between ECMR and ligand. In a specific 
embodiment of the invention, in which the receptor is <*401, 
which has been determined to bind to fibronectin (supra) , 
25 substrates bearing subfragments of fibronectin may be tested 
for their ability to bind o401-bearing cells, as exemplified 
in Section 6, infra . Although T lymphocytes attached to the 
8v JcDa cell binding domain of fibronectin bearing the o401, 
receptor (Figure 5A) they demonstrated a clear preference for 
30 an non-RCD containing region located on a 38 kDa tryptic 
fragment derived from the A (or heavy) chain of plasma 
fibronectin. T lymphocytes also recognized and bound to 
another Hep II containing 58 kDa fragment. However, the high 
affinity lymphocyte binding site was located on the 38 kDa 
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fragment. On a molar basis, tha 38 JcDa fragment was three 
times acre efficient than tha 58 kDa fragment in mediating T 
lymphocyte adhesion. As shown in Figure 5A the 38 kDa and 58 
kDa fragments were derived from the A and B chains of plasma 
flbronactin, respectively. They therefore differ in the 
- 5 presence or absence of IIICS (Kornblihtt et al., 1985, supra; 
Garcia-Pardo, 1987, supra ) . Thus, it is possible that the 38 
kDa and 58 kDa fragments used here share a common low 
affinity T lymphocyte binding site, located in the Hep II 
domain, and that additional high affinity T lymphocyte 
adhesion sites are present in the IIICS region unique to the 
38 kDa fragment. In fact, T lymphocytes appear to 
specifically recognize and bind to CS-1, which has been 
defined as a high affinity adhesion site for B16 m*i«noma 
cells and avian neural crest cells (Humphries et al.. 1987, 
supra; Humphries et al., 1-88, J. Cell Biol., 106:1289-1297; 
Dufour et al., 1988, EMBO J., 7:2661-2671). CS-1 is a region 
of molecular heterogeneity (generated by alternative 
splicing) present in the type III CS domain on the A chain of 
plasma flbronactin. 
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5.2.2. INTERVENTION IN RECEPTQ W/LICAND BIHDING 
The ECMR/ligand relationship may be further 
characterized by identifying and evaluating agents which 
interfere with receptor/ ligand binding. 
25 For example, antibodies directed to an ECMR of 

interest may be used to inhibit ligand/receptor binding. 
Given the observation that a particular cell type adheres to 
a givln ligand or cellular substrate, it may be of interest 
to identify the ECMR involved in the interaction. A panel of 
30 • monoclonal antibodies, each directed toward a different ECMR, 
may be tested for the ability to block the adherence of cells 
to substrate. Inhibition of binding by a particular antibody 
would suggest that the ECMR recognized by that antibody is 
involved in the adhesive interaction. In a specific 
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embodiment of the invention, lymphocyte adherence to 
endothelial cells in culture may be inhibited by antibodies 
directed toward a401, but not by antibodies directed toward a 
variety of other ECMRs (see Section 7, below), indicating 
that a4fil t is necessary for lymphocyte adhesion to endothelial 
cells. Additionally, monoclonal antibodies may be used to 
determine the relationship between ECMR and ligand substrate. 

As exemplified in section 6, infra , T lymphocyte 
adhesion to the 38 and 58 kDa fragments could be completely 
inhibited by functionally defined monoclonal antibodies to 
10 a401. Furthermore, T lymohocyte adhesion to CS-1 (IgG 

conjugate) coated surfaces could also be completely inhibited 
by P4C2, P3E3 or P4G9. These data show clearly that aAfil is 
the T lymphocyte receptor for CS-1. In contrast, these 
antibodies failed to inhibit adhesion of T cells to the 80 

15 

kDa fragment containing the prototype adhesion sequence arg- 
gly-asp (RGDJ • Adhesion of T cells to the 80 kDa fragment 
could be completely inhibited by a monoclonal antibody to aSfil 
(P1D6) or by RGDS. P1D6 and RGDS failed to inhibit T 
lymphocyte adhesion to the 38 and 58 kDa fragments or to CS- 
20 1. Together, these data show that aAfil functions as the 
receptor for the carboxy terminal adhesion domain of plasma 
fibronectin receptor for alternative adhesion sequences in 
IIICS (CS-1) and possibly Hep II. 

In further embodiments of the invention, the 
25 ECMR/ligand relationship may be characterized by determining 
the structure of the ligand. In particular, the ability of 
^ agents to compete with ligand in the ECMR/ligand interaction 
may be evaluated. Por example, where the ligand is a 
protein, various fragments of the protein may be tested for 
30 their ability to competitively inhibit receptor/1 igand 

binding. In a particular embodiment of the invention, in 
which lymphocytes are observed to bind to endothelial cells 
as well as to fibronectin, peptide fragments of fibronectin 
may be tested for the ability to competitively inhibit the 
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binding of lymphocytes to endothelial call substrate. As 
exemplified in Section 7, infra , CS-1 peptide, and, in 
particular, the peptide EILDVPST was able to competitively 
inhibit the binding of lymphocytes to fibronectin and to 
endothelial cells, thereby localizing the binding site on the 
ligand to a region identical or homologous to EILDVPST. 

5.3. METHODS OF INTERVENING IN CEL L ADHESIOH 
According to the invention, adherence of one cell to 
another may be inhibited by intervening in the ECMR/ligand 
interaction. In a particular embodiment of the invention, 
the binding of lymphocytes to endothelial cells may be 
inhibited by interfering with the binding of aAfil to its 
ligand. This may be accomplished by using antibodies 
directed toward the ECMR, or, alternatively, to its ligand 
(antibodies may be generated toward ligand in a manner 
analogous to that described in Section 5.1). In alternate 
embodiments of the invention, peptides which inhibit the 
binding of o4/Jl to its ligand may be used to, in turn, 
inhibit adherence of lymphocytes to endothelial cells. 

In a specific embodiment of the invention, 
anti-«4/Jl antibody, or a fragment or derivative thereof, 
may be used to inhibit the binding of lymphocytes bearing 
o4Jl receptors to vascular endothelial cells. In preferred 
embodiments, the antibody is a monoclonal antibody, in 
25 particular antibody P4C2 (-4*1) or P4C10 (01) , or fragments 
or derivatives thereof, including chimeric antibodies with 
the same binding specificities. 

In additional embodiments of the invention, 
peptides may be used to inhibit the binding of lymphocytes 
30 bearing a*fll receptors to vascular endothelial cells. In a 
preferred embodiment, the peptide comprises at least a 
portion of the sequence of the IIICS variable region of 
fibronectin. In a more preferred embodiment, the peptide 
comprises at least a portion of the CS-1 peptide as defined 
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by Humphries et al., (1987, J. Biol. Chen. 262:6886-6892), 
which is incorporated by reference in ite entirety herein, or 
a peptide substantially homologous to it. In a most 
preferred embodiment, the peptide comprises at least a 
portion of the sequence EILDVPST, or a sequence substantially 
homologous thereto. 

5.4. UTILITY OF THE INVENTION 
According to the invention, the adherence of one 
cell to another may be inhibited by interfering in the 
10 binding between the ECMR and its ligand. In particular 

embodiments of the invention, the adherence of lymphocytes to 
endothelial cells may be inhibited by interfering with the 
binding of a4$l on lymphocytes to its ligand on the 
endothelial cell surface. According to the invention, the 
15 interaction of additional ECMR with endothelial cell ligands, 
and the inhibition of adhesion of these cells to endothelium 
by interfering with the ECMR/endothelial cell interaction is 
envisioned. For example, the adhesion of macrophages to the 
endothelium may also be inhibited by intervention in the 
20 macrophage ECMR/endothelial cell interaction. Likewise, 

melanoma cells, which also recognize the CS-1 peptide, may be 
inhibited from metastasizing and entering tissues using the 
peptides or antibodies of the invention. 

The method of the invention is therefore useful in 
25 preventing the egress of lymphocytes through the vascular 
endothelium and into tissue. Accordingly, the present 
invention provides for a method of suppressing the immune 
response in human patients in need of such treatment. In 
particular embodiments, the present invention provides for 
30 methods of treatment of diseases associated with chronic or 
relapsing activation of the immune system, including collagen 
vascular diseases and other autoimmune diseases (such as 
systemic lupus erythematosis and rheumatoid arthritis) , 
multiple sclerosis, asthma, and allergy, to name but a few. 
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The present invention also provides for methods of treatment 
of relatively acute activations of the immune system in 
patients in need of such treatment, including, for example, 
and not by way of limitation, graft versus host disease, 
allograft rejection, or transfusion reaction. 
5 Depending on the nature of the patient's disorder, 

it may be desirable to inhibit lymphocyte migration into 
tissues systemically or, alternatively, locally. For 
example, in diseases involving multiple organ systems, such 
as systemic lupus erythematosis, it may be desirable to 
inhibit lymphocyte adhesion systemically during a clinical 
exacerbation. However, for a localized contact dermatitis, 
it may be preferable to restrict migration of lymphocytes 
only into those tissues affected. 

Control of systemic versus localized use of the 
methods of the present invention may be achieved by modifying 
the compositions of antibodies or peptides administered or by 
altering the structure of these agents or their pharmacologic 
compositions. For example, the antibodies or peptides of the 
invention may be administered by any route, including 
subcutaneous, intramuscular, intravascular, intravenous, 
intraarterial, intrar al, oral, intraperitoneal, rectal, 
intratracheal, or intrathecal. However, to achieve local 
inhibition of lymphocyte adhesion to endothelium, it may be 
desirable to administer the antibodies or peptides of the 
25 invention, in therapeutic amounts and in a suitable 

pharmacologic carrier, subcutaneous ly or intramuscularly. 
Alternatively, to achieve systemic inhibition of lymphocyte 
adhesion, it may be desirable to administer the antibodies or 
peptides intravenously. 
30 In various embodiments of the invention it is 

advantageous to use a pharmacologic carrier which facilities 
delivery of the antibodies, peptides, etc. of the invention. 
For example, when antibodies, ;eptides, etc. are to be 
delivered to the skin (e.g. for the treatment of chronic 
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inflammatory dermatologic conditions) , a pharmacologic 
carrier which aids in tha panatration of tha cuticla, 
epidermis, and darmis may ba advantageous. 

Dissemination of tha paptidaa or antibodies of tha 
invention may also ba controlled by altering tha half-life of 
the peptide or antibody, or its effective half -life. For 
example, the peptides of the invention may have a relatively 
short half life; if these peptides were administered in a 
sustained r«?laase implant, tha araa of tissue adjacent to the 
implant would be exposed to peptide, (e.g. a joint in a 
rheumatoid arthritis patient) whereas the peptide may be 
degraded before reaching more distant tissues. 
Alternatively, if the peptide is modified to achieve a longer 
half-life by chemical modifications to produce derivatives, 
including but not limited to amino acid substitutions, 
glycosylations, substitution of enantiomeric variants (i.e. 
D-enantiomers of constituent amino acids) , additions, etc. , 
the peptide is more likely to be widely distributed at 
sustained levels. As further examples the N-terminus or C- 
terminus of the peptides may ba modified to result in greater 
stablility. 

In additional embodiments, the antibodies or 
peptides of the invention may ba conjugated to antibodies or 
other Uganda which might diract tha antibodies or peptides 
to specific tissues. Por example, and not by way of 
limitation, peptides of tha invention may ba conjugated to 
antibodias targeted toward endothelial cells. Furthermore, 
qptibodies may be produced which mimic the ECMR, and thereby 
attach to endothelial call ligands, blocking lymphocyte 
adhesion. 
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3.5. PEPTIDES AND ANTIBODIES OF THE INVENTION 
Tha peptides of the invention include any peptide 
which is capable of interacting with tha ECMR of interest. 
In a specific embodiment of the invention, any peptide which 
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is capable of intaracting with tha a4*l racaptor nay be usad 
to inhibit tha binding of lymphocytes to endothelium. 
Prafarably, thaaa paptidas nay ba ahovm to inhibit adhesion 
of lymphocytaa to endothelium in vitro prior to in vivo use. 
In -a preferred embodiment of the invention, the peptides 
5 comprise at least a portion of the fibronectin IIICS region. 
In a mora preferred embodiment, the peptidea comprise at 
least a portion of tha CS-1 peptide sequence, or a sequence 
substantially homologous to the CS-1 sequence aa preaented in 
Figure 9(a) and (b) . In a most preferred embodiment, the 
peptidea of the invention compriae at least a portion of the 
sequence EILDVPST or a peptide sequence substantially 
homologous thereto. 'Substantially homologous* should be 
construed to mean that the peptides of the invention may be 
alterations of the specified sequence such that a 
functionally equivalent amino acid is substituted for one or 
more amino acids in the peptide sequence, thus producing a 
silent change. For example, one or more amino acid residues 
within the sequence can ba substituted by another amino acid 
of a similar polarity which acts aa a functional equivalent. 
Substitutes for an amino acid within tha sequence may be 
selected from other members of the class to which the amino 
acid belongs. For example, the non-polar (hydrophobic) amino 
acida include alanine, leucine, isoleucine, valine, proline, 
phenylalanine, tryptophan and methionine. The polar neutral 
amino acids include glycine, serine, threonine, cysteine, 
tyrosine, asparagine, and glutamine. The positively charged 
(bajic) amino acids include arginina, lysine, and histidine. 
The negatively charged (acidic) amino acids include aspartic 
and glutamic acid. In addition, as discussed in Section 5.3, 
the present invention also relates to derivatives of the 
abovementioned peptides. 
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Antibodies of the invention, produced and defined as 
described supra , include monoclonal as well as polyclonal 
antibodies and fragments and derivatives thereof, including 
the F(ab') 2 , Fab', and Fab fragments. 

5 6. EXAMPLE: IDENTIFICATION AND CHARAZTERI Z ATI ON 

OF THE LYMPHOCYTE ADHESION RECEPTOR FOR AN 
ALTERNATIVE CELL ATTACHMENT DOMAIN IN PLASMA 

FI BRONECTIN . . 

The following experiments have described a new 
fibronectin receptor which appears to be identical to the 
integrin receptor aAfil (Hemler et al., 1987, supra), 
preferentially expressed by nucleated hematopoietic cells. 
Identification of «401 as a specific fibronectin receptor was 
based on (i) inhibition of cell adhesion to fibronectin by 
monoclonal antibodies (P4C2, P3E3 and P4G9) , and (ii) 
specific reorganization and concentration of aAfil into 
fibronect in-dependent focal adhesions. These findings 
suggest that a*fil and o5*l, the prototype fibronectin receptor 
function together as primary mediators of cell adhesion to 
fibronectin. 

20 

6.1. MATERIALS AND METHODS 
6.1.1. REAGENTS 
Phenylmethyl sulfonyl fluoride, n-ethylmaleimide, 
leupeptin, diisopropyl f luorophosphate , 2-mercaptoethanol , 
25 bovine serum albumin (BSA) , Triton X-100, Protein A-Agarose, 
soybean trypsin inhibitor, and V8 protease (from 
Sta phylococcus aureus , strain V8, protease type XVII) were 
purchased from Sigma Chemical Co. (St. Louis, MO). 
Lactoperoxidase and glucose oxidase were from Calbiochem (San 
Diego, CA). TPCK-trypsin was from Cooper Biomedical, 
Malvern, PA. Fluorescein-conjugated (goat) anti-mouse IgC 
and IgM (H and L chains) or rhodamine-conjugated (goat) 
anti-rabbit IgC and IgM (H and L chains) were obtained from 
Tago, Inc. (Burlingame, CA) . R-phycoerythrin-conjugated 
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strepavidin was from Biomeda (Fostar City, CA) . Rabbit 
anti-mouaa IgG (H+L) antiserum waa obtainad from Cappel 
(Cooper Biomedical, Malvern,. PA). 51 Cr-sodium cbromate was 
from Naw England Nuclear. 125 I was from Amarsham (Arlington 
Ht*., IL). Human racombinant interlaukin-2 (IL-2) was a 
ganarous gift from Dr. D. Urdal (Immunex Corp., Seattle, WA) . 
Laminin was purchaaad from Collaborative Research, Inc. 
Bedford, MA) and purified plasma fibronactin and collagen 
Types I and III were prepared aa previously described 
(Waynar, E. A. and Carter, W. C, 1987, aupra and Wayner et 
al., 1988, aupra ) . 

6.1.2. CELLS AND CELL CULTURE 
RD (Human rhabdomyosarcoma) and HT1080 (human 
fibroaarcoma) cells were obtained from the American Type 
Culture Collection (Rockville, MD) . Peripheral blood 
mononuclear cell (PBMC) , platelet and granulocyte populations 
from normal human donora were prepared aa described (Kunicki 
et al., 1988, supra ; Wayner et al., 1988, supra). Peripheral 
blood cells from patients with acute lymphocytic, large 
granular lymphocyte (LGL) or myelogenous leukemia were 
cbtained from Dr. I. Bernstein and Dr. T. Loughran (Fred 
Hutchinson Cancer Research Canter). Human lymphokine (500 
U/ml IL-2) activated killer (LAK) cells and the monoclonal 
HLA B7 specific human cytotoxic T lymphocyte (CTL) cell line, 
C1C4, wera prepared according to standard protocols (Grimm et 
al., 1982, J. Exp. Med., 155:1923-1941; Clasebrook, A. L. and 
Fitch, F. W., 1980, J. Exp. Med., 151:876-895; Brooks, 1983, 
Nature, 305:155-158; Waynar, E. A. and Brooks, C. C, 1984, 
J. Immunol., 132:2135-2142; Wayner, E. A. and Carter, W. C. , 
1987, J. Call Biol., 105:1873-1884). The EBV transformed B 
lymphocyte cell line (BLCL) , ST-1, waa derived from the donor 
spleen used in the production of the C1C4 CTL line. All 
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other call Unas and call cultura conditiona vara aa 
pravloualy daacribad (Wayner, E. A. and Carter, W. G. , 1987, 
supra ; Wayner at al. ( 1988, supra ) ♦ 

6.1.3. ANTIBODIES 
5 A rabbit polyclonal antibody, AB3 3, prepared against 

the cytoplasmic domain of the fibronactin receptor, o501, was 
used to detect o501 in focal adhesions. Monoclonal antibodies 
A1A5, against the common integrin (Hynes, R. O., 1987, supra) 
01 subunit of the VIA family of receptors (Hemler, M. E. , 
1988, supra ) and B5-C10 to the VIA 4 a aubunit (Hamler et al., 
1987, supra ) were obtained from Dr. Martin Hemler of the 
Dana-Farber Cancer Inst., Boston, MA). Monoclonal antibodies 
to the integrin receptors o301 (P1B5) , o2$l (P1H5) and aSpl 
(P1D6) have been described and were developed in this 
laboratory. P1H5 and P1D6 inhibit fibroblast and platelet 
adheaion to collagen and f ibronectin-coated substrates, 
respectively (Waynar, E. A. and Cartar, W. G. , 1987, supra; 
Kunicki et al., 1988, supra ; Wayner et al., 1988, supra) . 

Monoclonal antibodies to lymphocyte adhesion 
receptors were produced by the methods of Oi and Herzenberg 
(Oi, V.T. and Herzenberg, L. A. 1980, Immunoglobulin producing 
hybrid cell lines. Iju Selected Methods in Cellular 
Immunology. Ed. by B.B. Mishell and S.M. Shilqi, W.H. 
Freeman and Co.. San rranclsco. PP. 351-373) and Taggart and 
Samloff (Taggart, R.T. and Samloff, I.M., 1983, Science, 219, 
1228-1230) as described (Waynar and Cartar, 1987; Wayner, et 
al., 1988). Spleens from RBF/DN mice immunized with 100 *1 f 
packed T lymphocytes were removed and fused with NS-1/F0X-NY 
myeloma cells. Viable heterokaryons were selected in RPMI 
1640 supplemented with adenine/aminoptarin/thymidine (Taggart 
and Samloff, 1983) . Hybridomas producing antibody directed 
to lymphocyte adhesion receptors were screened by specific 
inhibition of lymphocyte adhesion to f ibronectin-coated 
surfaces and cloned by limiting dilution. 
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Although A1A5 (H.mler et al.. 1987, J. Biol. Chea. 
262:3300-3309) react, .pacifically with th. 01 -ubunit of the 
Inlegrin receptor., and ha...b«.n reported to inhibit cell 
adhe.ion, TaKeda et al. (1988, J. Cell. Biochem. 37:385-393), 
this reagent ha. never been observed to inhibit adhe.ion of 
5 lymphocyte, to any .urface. Therefore a functionally defined 
anti-,1 monoclonal antibody, P4C10, wa. produced u.ing the 
previou.ly de.cribed technique, (supra) and by .cre.ning 
inhibition of cell adhe.ion to multiple ligand.. P4C10 has 
been .hown to inhibit adhe.ion of cell, to "*™*<* Ln > 
collagen and laminin coated .urface. and react, with 51 by 
standard biochemical criterion. 



10 



6.1.4. 



INHIBITION OF CELL ADHESION TO INTACT 
^SSff. ami rTBRONECTIN FRAGMENTS 

IS Antibodies that would alter cell adhesion to 

purified plasma fibronectin, tryptic fragments and CS 
peptide, were identified a. previou.ly de.cribed (Wayner and 
carter, 1987). Briefly, 48 well virgin .tyren. plates were 
coated with human plasma fibronectin (5 „l/ml) . The plates 
20 were blocked with PBS supplemented with 10 mg/ml heat 

denatured BSA (HBSA) . T lymphocyte or HT1080 cell, -re 
labeled with Na, 51 Cr0 4 (50 „lCi/ml for 2-4 hr> , washed, and 5 
X 10* HT1080 or cultured T cell, or 5 X 10 10 PBL/well were 
incubated with hybridoma cultur. .upematant. (1:2 dilution 
25 i„ PBS .upplemented with 1 mg/ml heat denatured BSA) or 
control myeloma cell culture supernatant for 15 minutes at 
room temperature. The cell, were allowed to adhere to the 
protean-coated .urface. in th. pre.enc. of the hybridoma 
.upematant. for 15-30 minute. (HT1080) or 2-4 hour. 
30 (lymphocyt..) at 37'C. Non-adh.r.nt cell, were removed by 
wa.hing with PBS, and th. adherent cell, were di..olved in 
SDS/NaOH and bound 51 Cr-cpm were quantitated in a gamma 
counter. 
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6.1.5. IMMUNE PRECIPITATION, AND SEQUENTIAL IMMUNE 

PRECIPITATION, V8 PROTEASE PEPTIDE MAPPING AND 
POLYACRYLAMIDE GEL ELECTROPHORESIS 

Viable calls were surfaca labalad with 125-iodine as 
dascribad (Wayner and Carter, 1987) followad by axtraction 
5 with 1% v/v Triton X-100 detergent or 0.3% CHAPS detergent in 
50 mM phosphate buffered saline pH 7.2. In some cases lmM 
CaCl 2 was added to the lysis buffer. lmM phenylmethyl 
sulfonal fluoride, lmM N-ethylmaleimide, 1 pl/ml leupeptin and 
1 ^g/ml trypsin soybaan inhibitor ware used as protease 
inhibitors. Immune precipitation and sequential immune 
precipitations were performed exactly as previously described 
(Wayner and Carter, 1987, supra ) . Peptide analysis followed 
the basic procedure of Cleveland et al. (1977, J. Biol. Chem. 
252:1102-1106 ) with modifications as described (Wayner and 
Carter, 1987). Polyacrylamide slab gels containing sodium 
dodecyl sulfate (SDS-PAGE gels) were prepared following the 
basic stacking gel system of Laemmli (1970, Nature' 227: 680- 
685). 

„ 6.1.6. PREPARATION OF TRYPTIC FRAGMENTS FROM 

20 HUMAN PLASMA FIBRONECTIN AND SYNTHESIS 

OF CS PEPTIDES 

Human plasma fibronectin was a generous gift from 
Drs. Horowitz and R. Schulman (New York Blood Center, NY). 
Fibronectin was digested with TPCK-trypsin for 90 min at 
25 37 «c, and the digest was fractionated by affinity and ion- 
exchange chromatography as previously described (Garcia-Pardo 
at al., 1987, Biochem. J. 241:923-928; Garcia-Pardo at al., 
»89, Exp. Cell Res. 181:426-431). Two overlapping peptides 
spanning the initial 48 residues of the IIICS region of human 
3° fibronectin (CS-1 and CS-2) were synthesized and coupled to 
rabbit IgG as described (Humphries et al., 1986, and 
Humphries et al., 1987, J. Biol. Chem. 262:6886-6892). 
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6.1.7. FLUORESCENCE ANALYSIS OF RECEPTOR EXPRESSION 
Expression of ECMRs on calls in suspension was 
analyzed by ons or two color flow cytometry on_an EPICS 750 
dual laser cell sorter (Coulter, Hialeah, FL) . Positive 
fluorescence was determined on a 3 decade log scale and 
5 fluorescence intensity (log FI) was expressed as mean channel 
number (0-255) . Background fluorescence for a non-immune 
mouse IgG negative control was determined for each cell 
population and subtracted. Adherent cells were trypsinized 
and allowed to recover for 15 minutes at 37 -C in the presence 
10 of serum before use for flow cytometry. For one or two-color 
fluorescence measurements, 10 6 cells in suspension were 
incubated for 30 minutes with protein G-Sepharose purified 
goat IgG (20 *g/ml) and then with first stage antibodies at 
4-C for 60 minutes, washed in Hanks Balanced Salt solution 
15 containing 10 mg/ml HBSA and 0.02% sodium azide 

(HanJcs/BSA/SA) and incubated with FITC-conjugated rabbit 
anti-mouse IgG for 60 minutes at 4'C in Hanks/BSA/SA. They 
were washed and fixed in cold 2% paraformaldehyde (prepared 
fresh) in PBS. For two-color fluorescence purified and 
20 biotinylated monoclonal antibody was then added to the FITC- 
stained and fixed cells to a final concentration of 1 ug/ml 
in Hanks/BSA/SA and incubated at 4'C for 60 min. Prior 
fixation with 2% paraformaldehyde had little effect on 
expression of lymphocyte integrin receptors. The fixed cells 
25 were washed and incubated in 0.5 ml Hanks/BSA/SA containing 
phycoerythrin-conjugated strepavidin (Bionetica) at 1/50 
dilution for 30 min at 4'C. Finally the stained cells were 
washed and fixed again in 2% paraformaldehyde in PBS and held 
at 4'C in the dark for analysis on the EPICS flow cytometer. 

30 

6.1.8. LOCALIZATION OF REC EPTOR * ™ FOCAL ADHESIONS 
Adherent cells were tr, jsinized, washed in RPMI 
supplemented with 1 *g/al BSA plus 100 ug/ml soybean trypsin 
inhibitor and allowed to adhere to acid washed and silanized 
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glass cover slips coated with fibronectin, laminin or 
collagen (20 ug/ml) in the absence of serum for 1-4 hour as 
described (Carter and Wayner, in preparation) . At the end of 
the incubation non-adherent cells were removed and adherent 
cells were fixed in 100 oM sodium cacodylate, 100 mM sucrose, 
4.5 bM CaCl 2 , 2% formaldehyde for 20 min. They were 
peraeabilized with 0.5% Triton X-100 for 5 minutes, then 
washed and blocked with 25% goat serua in PBS. The 
peraeabilized cells were stained with antibodies to specific 
receptors (60 minutes at room temperature) , washed and 
incubated with either FITC-conjugated goat anti-mouse or 
rhodamine-conjugated goat anti-rabbit IgC (45 minutes at room 
temperature) and washed again. The cover slips were inverted 
onto glass slides for fluorescence and interference reflexion 
microscopy (IRM) as described (Izzard, S.C. and Lochner, 
L.R., 1976, J. Cell. Sci., 21, 129-159). 



was determined by fluorescence microscopy of cryostat 
sections. Cryostat sections (6 **m) were prepared from human 
skin, tonsil, or tumor samples embedded in OCT medium after 
snap freezing in isopentane/liquid nitrogen. All sections 
were fixed in 4% paraformaldehyde in PBS prior to incubation 
with primary antibodies and secondary fluorescent antibodies 
as described (Carter and Wayner, 1988, J. Biol. Chen. 
263:4193-4201). In control experiments, no fluorescence of 
rhodamine was detected using the fluorescein filters or vice 
versa. 



6.1.9. TISSUE STAINING 
The distribution of the integrin receptors in tissue 
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6.2. RESULTS 

6.2.1. IDENTIFICATION OF AN ALTERNATIVE 
FIBRONECTIN RECEPTOR 



Cultured T lymphocytes (Molt 4), K562, RD 



(rhabdomyosarcoma) and HT1080 (fibrosarcoma) cells and 
5 freshly derived PBL (not shown) adhered to f ibronectin-coated 
surfaces (Figure 1: open bars). However, Molt 4 and RD 
cells expressed low or undetectable levels of the prototype 
fibronectin receptor (integrin o501) recognized by monoclonal 
antibody P1D6 (Figure 1: striped bars) . Consistent with 

10 this, adhesion of Molt 4 and RD cells to fibronectin could 
not be completely inhibited by P1D6 (Figure 1: solid bars). 
Alternatively, adhesion of cells to fibronectin that 
expressed abundant a501 (HT1080 and K562) could be effectively 
inhibited by P1D6. Furthermore, the synthetic peptide RCDS 

'5 did not completely inhibit T lymphocyte adhesion to plasma 
fibronectin (50-70% for Molt 4 or Jurkat cells versus 80-90* 
for fibroblasts and 100* for K562-1 cells) . Together, these 
data suggested that some cells, such as T lymphocytes, 
express fibronectin adhesion receptors other than o501. 

20 We attempted to identify other putative fibronectin 

receptors by preparing monoclonal antibodies to cultured T 
lymphocytes and screening them for their ability to 
specifically inhibit lymphocyte but not fibroblast adhesion 
to f ibronectin-coated surfaces. Using this protocol several 

25 monoclonal antibodies (P4C2, P3E3, P4C9) were identified that 
inhibited cultured T lymphocyte but not HT1080 cell adhesion 
to fibronectin (Table 3) . 
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TABLE III 

SPECIFIC INHIBITION OF LYMPHOCYTE ADHESION TO PLASMA 
5 FIBRONECTIN BY MONOCLONAL ANTIBODIES P3E3, P4C2 AND PPG49 



10 



CELLS 



SP2 



<«5 B 1> 



FIBRONECTIN ADHESION 
(% OF CONTROL) 
P3E3 P4C2 P4G9 



15 



PBL 

JurJcat 
Molt 4 
HT1080 



100% 
100% 
100% 
100% 



43% 
22% 
18% 
5% 



38% 
33% 
12% 
98% 



10% 
12% 
8% 
93% 



52% 
48% 
39% 
104% 
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Immune precipitation from Triton X-100 detergent ly.ates 
prepared with 125 I-surface labeled PBL (not ahown) . Molt 4 or 
HT1080 (Figura 2) calla showed that the inhibitory aonoclonal 
antibodiea (data ahown for P3E3) reacted with a single 
protein preaent in lymphocyte extracts that migrated at M 
5 150,000 ( P 150) in the presence (not shown) or absence (Figure 
2) of reducing agent. Under these immune precipitation 
conditions pl50 lacked an apparent a-fi subunit structure and 
did not migrate with either the a or $ subunit of the 
integrin receptors a2fil or a3/Jl (Figure 2). The antigen 
immune precipitated from Triton X-100 detergent extracts 
prepared with chronically activated CD8+ killer T lymphocytes 
(IAK) or CTL (not ahown) contained, in addition to pl50, 
relatively large quantities of two smaller proteins that 
migrated at M 80,000 and 70,000 in the presence (not shown) 
or abaence of reducing agent. V8 protease peptide mapping 
revealed that P 80 and p70 were proteolytic fragments of pl50 
(not shown) . These lower molecular weight forms could be 
immune precipitated from chronically activated T cells even 
when detergent extracts were prepared in the presence of 
20 multiple protease inhibitors (rigure 2 legend). p80 and P 70 
were virtually absent from extracts prepared with resting 
PBL, cultured T (Molt 4, Jurkat) or B cell leukemias and RD 
cells. 

The biochemical characteristics of pl50 suggested 
25 that it might be related to the VIA 4 antigen described by 
Hemler (Hemler et al., 1987). This was confirmed by 
sr tntial immune precipitation (not shown) with a VIA 4 
spw-7fic monoclonal antibody, B5-G10. P 150 was established 
as an e subunit of the integrin super family by its 
30 association with 81 when immune precipitations were^carriad 
out after CHAPS detergent (0.3%) solubilization of I ^ 
surface labeled T lymphocytes in the presence of 1 mM Ca 
(Figure 3). Under these conditions .4 was precipitated as a 
heterodimer with il. The identity of fil was confirmed by V8 
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protease peptide napping (not shown). The aA0l heterodimer 
immune precipitated from T lymphocytes with tha inhibitory 
monoclonal antibodies (P3E3, P4C2 and P4G9) was shown to be 
distinct from tha prototype fibronectin receptor, o501, 
immune pracipitatad with P1D6 by three criteria. 1) The 
5 relative quantities of a4/Jl and a5$l present in detergent 

extract, of T lymphocyte, ware distinct with higher levels of 
o401 being present (Figure 3) . This was in agreement with 
the data we obtained using flow cytometry (Figure 1) . 2) In 
sequential immune precipitation experiments, monoclonal 
10 antibodies to «4*1 did not preclear «501 mow shown) . 3) Tha 
V8 protease peptide maps derived from the «4 and o5 aubunits 
pracipitatad vlth monoclonal antibodies P3E3 and P1D6 were 
clearly distinguishable (not shown). Furthermore, under the 
conditions (0.3% CHAPS and ImM CaCl 2 ) used to sclubilize the 
conjugate of e.401 from Jurkat cell. (Figure 3) another 
protein of higher molecular weight (pl80) also reacted with 
the monoclonal antibodies or co-precipitated with «4/Jl. plBO 
was absent from extracts prepared with P1D6 monoclonal 
antibody (Figure 3), non-lymphoid cells or TritonJC-100 
20 detergent extract, prepared in the absence of Ca . The 

relationship of pl80 to other integrins is not Known. Since 
o4 could be immune precipitated without fil after 
solubilization of T call, with Triton X-100 in tha absence of 
ca ++ thi. revealed that the inhibitory monoclonal antibodies 
25 recognized epitope, present on the a4 .ubunit (Figure 2) . 

6.2.2. DISTRIBUTION OF o401 AND aSfil IN 
CULTURED CELLS AND TISSUE 



15 



As has been previously reported (Hemler, supra) , 
» «4/»l was widely distributed on nucleated hematopoietic cells 
(Table IV) . 
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TABLE IV 



DISTRIBUTION OF THE FIBRONECTIN 



RECEPTORS a A fi, AND ON HUMAN CELLS 



10 



Calls 



a 4 /J 1 



Ralativa 

Elouraacence 

Inransity 



^ Hanatopoletlc Calls 
PBL 

LCL (CD3-, CD16+) 
Monocytas (CD16+) 
Granulocytas 



+/- or - 
+/- or - 



20 



Platalats 
Splaan 
Tonsil 
ALL (T or B) 

LCL Laukamia (CD3+, CD4+) 
25AKL 
BLCL 

Molt 4 (CD3+, CD4+) 
Jurkf (CD3+, CD4+) 
YT (CD3-) 
3qPHA blasts (CD4+) 
CTL (CD3+, CD8+) 
LAX (CD3+, CD8+) 
HL-60 
U937 



v- 



♦ 
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C«ll« ... "4*1 



riour«»c«nc« 
lnt«n«ity 



K562-1 

rlbroblarf 
HIT (p5) 

10HT1080) * 
RD 

VA13 "** 

gpjthallal C«ll« 
150C-1 
OVCAR-4 7 
T47D 
QC56 
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Two-color flow cytometry revealed that all lymphocyte 
subpopulations derived ftom spleen, tonsil and peripheral 
blood expressed abundant a401. In addition, peripheral 
blood monocytes, freshly derived acute lymphocytic (T or B) 
leukemias, all large granular lymphocytic (LGL) and 
5 myelogenous leukemias and cultured T and B lymphocyte cell 
lines we examined expressed abundant o401 (Table IV) • 
Normal human blood platelets and granulocytes were negative 
for e*401 (Table IV) . Normal human blood platelets and 
granulocytes were negative for a401. In contrast, the only 
hematopoietic cell populations that expressed a501 were 
activated T cells, platelets, monocytes and granulocytes, 
acute lymphocytic (T or B) and myelogenous leukemias and 
cultured K562, HL-60 and U937 cells. Some cultured T (Molt 
4 or Jurkat) and B (ST-1) cell lines expressed low level* 
of a501 as detected by P1D6 monoclonal antibody. In some 
normal individuals, a subpopulation of PBL were positive 
for P1D6 fluorescence detected by flow cytometry. We are 
investigating the nature of this subpopulation of PBL which 
express a501. TY cells, a CD3 T cell lymphoma, were 
completely negative for P1D6 by flow cytometry. These 
results show that the major fibronectin receptor 
constitutively expressed by resting T lymphocytes is aAfil 
and as we have previously reported (Wayner et al. f 1988) 
expression of a5£lin T lymphocytes is restricted to 
25 leukemic or activated cultured cells. Interestingly, most 
fibroblast cell lines expressed low levels of o401 while 
large vessel endothelial cells (HUVEs) and cultured 
epithelial cells were negative for o401 by flow cytometry. 

In tissue, a401 was present in adult spleen, 
lymph node and tonsil and essentially absent from all other 
tissues we examined, l^ addition, the relative quantities 
of the fibronectin adhesion receptors expressed by cells in 
specific tissue domains varied dramatically. For example, 
PBL and lymphocytes in tonsil and cortex and germinal 



20 



30 



BEST AVAILABLE COPY 



WO 91/03252 -44- 

center area, expressed large quantities oT c.401 but 
virtually no *3fil. -4/U «•» found in •P* th « lial 

region, in adult lymphatic tissue, but whether this was the 
result of lymphocyte infiltration of these areas or 
expression of «4/Jl by lymphatic epithelial cells was 

5 

unclear. 

5 2 3 a401 LOCALIZES IN FIBRONECTIN-DEPENDENT 
FOCAL ADHESIONS 
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15 



20 



Th*»r» is a specific reorganization of cell 
surface adhesion receptors to the focal adhesions when 
cells are grown on the appropriate ligands in the absence 
of serum (reviewed by Burridge et al., 1988, Ann. Rev. Cell 
Biol., 4, 487-525). Since some fibroblasts express «4/»l we 
investigated whether this receptor would distribute into 
focal adhesions 'hen fibronectin was used as the adhesion 
substrate. As c.u be seen in Figure 4 (A and C) , the 
primary focal contact sites, or focal adhesion, could be 
visualized by interference reflexion microscopy (Izzard, 
S.C. and Lochner, L.R., 1976, J. Cell. Sci., 21, 129-159) 
when RD cells were grown in fibronectin. As we and others 
have reported (Roman, J., LaChance, R. , Broekelmann , T.J., 
Roberts, C.J., Wayner, E.A. , Carter, W.G. , and Macdonald, 
J., 1988, J. Cell Biol. 108:2529-2543), in the absence of 
serum «5*1 wa« concentrated at the focal adhesions when RD 
25 cell, were grown on fibronectin (Figure 4B, arrows) but not 
laminin-coatad .urface.. Likewise, staining with 
monoclonal antibody P4C9 (Figure 4D, arrow.) revealed that 
•4/tf. wa. also concentrated in focal adhesion, when cells 
were grown on fibronectin but not laminin-coated surfaces 
30 (not shown). The., result, demonstrate a specific 
interaction of a4fll with fibronectin present in focal 
adhesions, the primary adhesion structure of cultured 
cells. 
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The presence of both receptor* in focal contacts 
suggested tha poasibility that a401 and oSfil bind to 
diatinct adhesion sequences in fibronectin. In fact, 
avidence for this waa obtained when P4C2 and P1D6 were used 
simultaneously to inhibit cell adhesion to intact plasma 
5 fibronectin. P1D6 and P4C2 when used together completely 
. inhibited adhesion of T lymphocytes and partially inhibited 
adhesion of RD cells to intact plasma fibronectin (Table 
V). 
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TABLE V 

COMBINED EFFECT OF MONOCLONAL ANTIBODIES P1D6 AND 1 P4C2 
ON T LYMPHOCYTE AND RD CELL ADHESION TO FIBRONECTIN 



CELLS 



ANTIBODY 



SPECIFICITY 



ADHESION 
(% OF CONTROL + SD) 



RD 



10 



Jurkat 



15 



ICC 

P1D6 

P4C2 

P1D6 + 
P4C2 

IGG 

P1D6 

P4C2 



a5ffl 
o401 



100% 
81 + 11 
99 + 7 

36 + 8 



100% 
26 + 9 
38 + 14 



P1D6 ♦ 
P4C2 
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Interestingly, unlike T lymphocytes, neither P1D6 nor P4C2 
alone were good Inhibitors of RD cell adhesion to intact 
plasma fibronectin. RD cell adhesion to fibronectin could 
be efficiently inhibited by.PlD6 and P4C2 only when used 
together. 

6.2.4. «4/Jl FUNCTIONS AS THE RECEPTOR fOBJJK 
RGD INDEPENDENT ALTERNATIVE ATTACHMENT 
STTE IN FIBRONECTIN 



10 



20 



Tha preceding results (Table III, Table V, 
Figure 1, Figure 4) clearly indicated that attachment of 
some cells to plasma fibronectin was mediated by t i 
independent cell surface receptors, o4/Jl and o5/Jl. It has 
been well documented that the ligand for a5/?l in 
fibronectin is the 80 kDa cell-binding domain which 
15 contains the RGD sequence (Pyfl*. » Piorschbacher, M.D., 
and Ruoslahti, E. , 1985, Cell, 40:191-198). To determine 
the region of fibronectin that interacts with o4*l we 
examined the adhesion of cultured T lymphocytes to various 
proteolytic fragments of plasma fibronectin (see Figure 5A 
and B), as well as the effect of monoclonal antibodies P1D6 
and P4C2 on lymphocyte adhesion to these fragments. As 
shown in Figure 6, Jurkat, YT and Molt 4 cells attach to a 
38 kDa fragment containing the Heparin (Hep) II domain much 
more efficiently than to an RGD-containing fragment (80 
kDa) . Jurkat and Molt 4 cells also attach in a dose 
dependent manner to another Hep II domain containing 
fragment of 58 kDa. Maximum cell attachment to the 58 kDa 
fD.gm.nt, however, reached only 30% of that achieved by the 
38 kDa fibronectin fragment. This suggest, that the 38 kDa 
fragment contain, a high affinity attachment .it. for T 
lymphocytes. T lymphocytes did not adh.r. to th. N- 
terminal 29 kDa fragment containing the Hep I domain of 
plasma fibronectin. In general, freshly derive PBL showed 
a similar pattern of attachment as Jurkat or Moxt 4 cells 
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end the ability of freshly derived PBL to bind to the 80 
JcDa fragment correlated with expression of «S01. Other 
hematopoietic call lines such as K562 calls (Figure 6) 
exhibited a clear preference for the 80 kDa fragment of 
plasma fibronectin while RD cells expressed promiscuous 
5 adhesion to all the gragments of plasma fibronectin tested 
except tha M-tarainal 29 JcDa fragment. RDGS (1 mg/ml) 
partially inhibited (50%) Jurkat cell adhesion to intact 
fibronectin and completely (100%) inhibited their adhesion 
to the 80 kDa fragment. Jurkat cell adhesion to the 38 kDa 
10 fragment was unaffected by RGDS (up to 1 mg/ml). 

As we have previously shown (Table 3 and Figure 
1) , monoclonal antibodies to a4/)l and aS$l partially 
inhibited T lymphocyte adhesion to intact plasma 
fibronactin (Figura 7, top). As expected, P106 completely 
15 inhibited adhesion of T cells to tha 80 kDa fragment which 
contains the RGD adhesion sequence (Figure 7, middle). 
P1D6 did not inhibit T lymphocyte adhesion to th<a 38 kDa 
(Figure 7, bottom) or 58 kDa fragments. In contrast, P4C2 
completely inhibited T lymphocyte adhesion to the 38 kDa 
20 fragment and had no affect on adhesion to the 80 kDa 
fragment (Figure 7). Furthermore, adhesion of T 
lymphocytes to tha 58 kDa fragment which also contains Hep 
II could be inhibited by P4C2. In every case other T 
lymphocyte cell lines which express both o401 and o501 
25 (such as Jurkat calls) behave exactly as Molt 4 cells 

(Figure 7). As seen in Table 4, K562 cells express only 
«5J1. Adhesion of K562 cells to the 38 (Figure 6) and 58 
*kDa fragments was greatly reduced when compared to their 
adhesion to the 80 kDa fragment (Figure «) . Adhesion of 
30 these cells to intact plasma fibronectin (Figure 1) or the 
80 kDa fragment could be completely inhibited by P1D6. On 
the other hand, YT cells which do not express «5J1 (Table 
IV) adhere poorly to intact plasma fibronactin and tha 80 
kDa fragment (Figure 6). These cells require 2-3 times 
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JJL* or Moit < C.U.. VT C.U., l^'^,. ^ 
.fflci.ntly .nd in . do.. d.p.nd.nt ».nn.r to 

function. .. th. r.c.ptor for thi. .lt.m.tlv. 
adhesion domain • 

' 2 - ^rt^Tr^IoTpr^rt on th. * t- 
Humphries at al.; 1987, J. 106 :1289-1297) . 

sr— - P i n ; "^.tici. P tid.. 

rinti" ixxcs r.,ion <CS p.ptid..> Hu^phri.. - 
vorh.r. .how.d tn.t th. CS-i <»-«» in.i> «" 
cont.in.d .dn..ion reco," »d h Y- ^ ^ 

c.U. (Hu^hri.. .t .1- »»«. »"»• " adh „ l0B 

th« t... 3. ». »— -^ h . ,h an : £ i r 4n u tn. 

Thl« rrag» re gion (Garcia-Pardo at al., 1987, 

TT / .rich v.. d.fin.d .. . ni,h 

Bloch«.. J.. 2*i-'" ' MUIK>M cii. (Hu.pl.ri.. .t 

o/i»"r.U « d.t.r,in. if I lyphocyt.. -ouid 
,'d oind to CS-i .nd It .«n «. th. r.c.ptor invoivd in 
thia interact Ion. 
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T lymphocytes (Jurlcat or Molt 4 calls) recognize 
and attach to CS-1 (rabbit IgG conjugata) -coated plaatic 
surfaces (Tabla VI) .. T lymphocytes (Jurkat) do not attach to 
CS-2 (rabbit IgG conjugata) coated surfaces or to plastic 
surfaces coated with rabbit IgG alone. Furthermore, 
5 monoclonal antibodies to .401 (P4C2) completely inhibited T 
lymphocyte adhesion to CS-1 while antibodies to .501 (PXD6) 
had absolutely no effect (Table VI) . A. we have previously 
shown antibodies to .401 completely and specifically 
inhibited T lymphocyte adhesion to the 38 kDa fragment 
10 (Table VI) while antibodies to .501 specifically inhibited 
adhesion to the RGO containing 80 kDa fragment. 
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TABLE VI 

INHIBITION OF T LYMPHOCYTE ADHESION TO CS-1 
PEPTIDE WITH MONOCLONAL ANTIBODIES TO a401 



10 



LI G AND 



15 



80 kDa 
38 kDa 
CS-1 
CS-2 



IgG 



ANTIBODY 
P4C2 



8580 + 214 
22680 + 1014 
44339 ± 513 
2576 + 214 



7154 + 398 
114 + 78 
841 + 555 
535 + 258 



P1D6 



202 ♦ 105 
24917 + 352 
42897 + 728 
435 + 168 
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6.3. DISCUSSION 
U.ing monoclonal antibody technology (Wayner, 
E.A., Carter, W.G.. Piotrovicz, R. and T.J. KunicKi, 1988. 
C.11 Biol., 10: 1831-1891) we have ^^J^ p4C2 
fibron.ctin receptor -4,1. Monoclonal antibodie. P3E3 , 
and P4C9 recognired epitope, on the -4 .ubunit and 
co.pl.tely inhibited the 

cultured T lynphocyt.. to a 38 kDa trypric g H-Darln 

. , + Hm earboxy terminal Heparin 
pla.ma fibron.ctin containing th. carooxy 

, „>^- n f tvpe III connoting segment 

II domain and. part of the type 
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^ tttcs for oABl. was the CS-1 region 
(IICS). The ligand in IIICS tor a*p*.. 

pr.vlou.ly d.fln.d .. .n .dh.oion .It. for ™l.no« e.11.. 
Sr.LtL.Uy d. £ ln.d »onoolon.l .ntlbodi.. to - 
p.rti.lly inhiblt.d T ly.ph.oyt. .dh..lon to lnt.« pl.». 
ribron.=tin .nd h.d no .«.=t on th.lr .tt.oh..nr to .n 80 
Cryptic fr.^.nt cont.lnin, th. ROD .dh..ion ..*.««.. 
ZSL .ntlbodl.. «P10« .nd «», to ^™\ y t . d 
o..orib.d flbron.=tin r.=.ptor. .5,1. «^ > t * d 
T lymphocyt. .dh..ion to th. .0 kO. tr.gm.nt but h.d no 
laZ on\h.lr .tt.ohn.nt to th. » «>. fr.go.nt or to 

£th .4,1 .nd .5,1 loo.li»d to foci .dh..lon. -h.n 
tlb robl..t. vhieh .xpr... th... r.o.ptor. ».r. grown on 
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fibronect in-coated surfaces. These findings dsmonstrated a 
specific intsraction of both receptors with fibronectin at 
focal contacts. 

Recently, Bernard! et al., 1987, supra ; Liao et 
al., 1987, Exp. Cell, Res., 171:306-320; Liao et al., 1989, 
5 Exp. Cell Res., 181:348-361 reported that some B lymphocyte 
cell lines bind to a region of plasma f ibronectin located 
within the carboxy terminal Hep II domain. Liao et al., 
1987, supra identified an integrin-like receptor on B 
cells. However, it is not clear whether the protein they 
described was <*401, alfil or o501. Bernard! et al., 1987, 
supra also identified fibronectin receptors expressed by B 
lymphocytes. Interestingly, in this study, B cells which 
attached to fr-.gments containing Hep II expressed a 
receptor similar to o401 while cells which attached to the 
RGD containing cell adhesion domain expressed a receptor 
similar to aSfil. However, from these data it was also not 
possible to clearly identify the receptor involved in 
binding. Together, the results of these previous reports 
and the present findings provide clear evidence in support 
of i) the existence of an alternative adhesion domain 
present in the carboxy terminal region of plasma 
fibronectin and ii) a role for a4*l as the receptor for 
this alternative adhesion site. It will be interesting to 
determine the precise amino acid sequences responsible for 
aAfil interaction with fibronectin. Since neither the 38 or 
58 kDa fragments or CS-1 contain an RGD sequence 
(Korablihtt et al., 1985, supra ; Garcia-Pardo, 1987, supra; 
HumpRries et al., 1986, supra ; and Humphries et al., 1987, 
supra ) . it is clear that characterization of the ligand for 
aAfil will identify a new amino acid sequence important for 
cell adhesion to fibronectin. Since the 38 JcDa fragment 
does not contain CS-5 (Garcia-Pardo, 1987, supra) the 
minimal amino acid sequence responsible for T lymphocyte 

38 
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adheaion to 38 kDa and tharafora tha ligand for a4*l in 

thaaa calla ia not arg-glu-aap-val or REOV (Humphriea at 

al., 1986, aupra ) . 

Like «2/>l, tha «4 subunit ia weakly associated 
with tha fil aubunit. Tha data praaantad hero (Figure 2) 
5 and our pravioua findinga (Wayner, E. A. and Carter, W. G. , 
1987, aupra and Wayner at al., 1988, aupra) show that tha 
functionally dafinad monoclonal antibodiaa to «2/Jl and a4*l 
ealactivaly interact with spitopes praaant on tha a 
subunits, baaad on imc :ne -precipitated of «2 or -4 without 
10 fil after aubunit diaaociation. Thaaa raaults auggaat that 
tha unique a aubunit ia responsible for determining the 
ligand-binding specificity of each a- fi complex. This 
concept is now further aupport by the observationa 
preaented here that «5 and .4, which are both completed 
with fil, mediate adheaion to diatinct aitaa on fibronectin. 
Thia ia not to auggaat that tha fi aubunit ia not important 
in binding, but that the apecificity of receptor-ligand 
interactions is determined by a or a unique a-fi complex. 

It ia intareating that while LAK cella expreaaed 
abundant call surface aAfil it did not appear to be a 
functional receptor ;1 P1D6 completely inhibited IAK cell 
adheaion to fibronectin. The reaaon for this could be that 
LAK cella axpreaa a degraded form of o4 (aae Figure 2). In 
addition, bacauae they are activated, LAK cella over 
25 express aSfil when compared to resting peripheral blood or 
leukemic T calls (Table VIII) . In other cells which 
express larger quantities of aSfil relative to aAfil (K562-1 
'and HT1080) adhesion to the 80 KDa RCD containing domain 
via o5n ia dominant (aea K562-1 calls, Figure «) . Thia 
30 impllea that regulation of receptor expreasion determines 
the ability of a call to recognize and bind to different 
sites on fibronectin. Furthermore, it is also poasible 
that co-expreaaion of the two receptora for fibronectin 
could increase the avidity of cell binding, for example, 
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Jurkat and RD cells express relatively promiscuous adhesion 
to fibronectin whan compared to YT calla which axpraaa only 

Tha ragulation of cell adhesion of fibronectin 
is .potentially complex even under the simplest possible 
5 conditions, which assume that aSfil and aA01 function 
independently of each other and do not overlap during 
interaction with tha two binding sites on fibronectin. 
variation froa this simple state provides opportunities for 
exquisitely sensitive regulation of cell adhesion. At the 
least complex level, this regulation can be roughly 
categorized as i) processes that control the synthesis 
and/or exposure of the binding sites on the ligand and (ii) 
ragulation of functional expression of the receptors. 
Examples of regulation at both levels are currently 
available and include, the observation that lymphokines and 
specific antigen induce aSfil expression on T lymphocytes 
followed by increased cell adhesion to fibronectin (Wayner 
at al., 1988, supra ) . In addition, the control of mRNA 
splicing in the IIICS region of fibronectin (Komblihtt et 
20 al., 1985, supra ) during woundthealing or inflammation may 
dictate the specificity of receptor-1 igand binding in 
resting or activated T cells. Variations from the simple 
state are intriguing but require additional experimentation 
to even begin to identify the multitude of potential 
mechanisms . 

In conclusion, these findings show clearly that 
cultured T lymphocytes use two independent receptors during 
attachment to firbonectin and that i) aSfil is the receptor 
for the RGD containing cell adhesion domain, and ii) a401 
is the receptor for a carboxy terminal cell adhesion region 
containing the Heparin II and IIICS domains. Furthermore, 
these data show that T lymphocytes express a clear 
preference for a region of molecular heterogeneity in IIICS 
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(CS-1) ganoratad by altamativa splicing of fibronactin- 
pra-»RNA and that «4J1 ia tha racaptor for this adhaaion 
sita. 



7. 



FYXKPLE * LYMPHOCYTE ADHESION TO ACTIVATED 
S^LIUM^S MEDIATED BY ^BINDING OF 
THE INTEGRIN RECEPTOR «401 TO CS-I IM THE 
TALTERNATXVELY SPLICED IXICS REGION OF 

FIBRONECTIN . 

Tha following axparimanta damon.tratad tha rola 
of tha cA0l racaptor and it. ligand, CS-1, in mediating T 
10 call adhaaion to cultur.d larg. va.a.l andoth.lial call, 
and andothalial call, which had baan activated with a 
variaty of cytokina. a.aociatad with tha inflatory 
. raspon.a, including IL-1. tumor n.cro.i. factor alpha 

(TNFa) , and tumor nacroais factor bata (TNF/J) . In 
15 addition, tha ability of monoclonal antibodias and paptide 
fragment, to block adhar.nca of lymphocyta. to andothalium 
via tha aU0l racaptor waa damonatratad . 

7.1. MATERIALS AND METHODS 
20 7.1.1. REAGENTS 

Raaganta uaad wara aa daacribad in Saction 

6.1.1, supra . 

7.1.2. CELLS &HP CTLL CULTURE 
25 Jurkat (Human T call laukamia) wa. obtained from 

Dr. Paul Conlon (Immune*. Corp., Seattle, WA) , Ramo. (Human 
B eell Laukamia) wa. obtainad from tha Amarican Type 
Culture collaction (Rockvilla, MD) . Tha LAD (luukocyt. 
adhaaion daf ici.nt) and ST-1 B call Una. wara praparad by 
» Ep.tan-Barr viru. tan.formation of human B lymphocytaa. 
Tha LAD call lin. wa. davalopad from tha B call, of a 
patiant with a daf iciancy in tha fi2 intagrin family of 
adhaaion racaptor. and wa. obtainad from Dr. John Harlan 
(Harborviaw Madical C.ntar, Saattla, WA) . Human umbilical 
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vein endothelial cells (HUVEs) were purchased from Cell 
Systems, Seattle, WA. HUVEs were maintained in defined 
(serum-free) media also purchased from Cell Systems (CS-100 
media) . 

5 7.1.3. ACTIVATION OF HUVES WITH INFLA MMATORY CYTOKINES 

HUVEs were incubated with IL-1 fi (1 ng/ml) or in 
some experiments with TNT o. (10 ng/ol) for 6-24 hours. At 
the end of this incubation the HUVE monolayers were washed 
and used in the adhesion assay. 

10 

7.1.4. SYNTHESIS OF CS PEPTIDES 
Peptides derived from the CS-1 region of plasma 
fibronectin were synthesized and HPLC' purified according to 
standard protocols by Dr. James Blake at the Oncogen Corp. , 
15 Seattle, WA. The CS-1 peptide was conjugated to rabbit 
serum albumin or KLH also according to standard protocols 
by Dr. James Blake. The RODS control peptide was obtained 
from Peninsula Laboratories (Belmont, CA) . 

20 7.1.5. MONOCLONAL ANTIBODIES 

The following antibodies were developed in this 
laboratory: P1H5, which recognizes the alfil receptor 
(Wayner et al., 1987, J. Cell Biol. 105:1873-11884 ; Wayner 
et al. 1988, J. Cell Biol. 107:1881-1891); P1B5, which 
25 recognizes the aZfil receptor (supra) ; P106, which 
recognizes the aifil prototype fibronection receptor 
described by Pytela et al. (Cell 40:191-198); P4C10, which 
recognizes the fil subunit; and P4H9 which recognizes p2 
(CD18), using methods described fully in Wayner et al. 
(1987, J. Cell Biol. 105:1873-1884) and Wayner et al. 1988, 
J. Cell. Biol. 107:1881-1891) which are incorporated in 
their entirety by reference herein, and described in Table 
II. 
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7.1.6. ENDOTHELIAL CELL AD HESION ASSAY 
Human umbilical vain endothelial cells (HUVEs) 
vera cultured in 48 well plates as described (supra) . To 
measure adherence of lymphocytes to HUVE monolayer 
cultures, lymphocytes were labeled with Na 2 Cr0 4 (50 
pCi/ml) for 2-4 hours), washed, and then 10 5 lymphocytes 
were incubatad with HOVE monolayers in the presence or 
absence of inhibitory antibodies or CS-1 derived peptides. 
The lymphocytes were allowed to adhere for 30 minutes at 
37*. Non-adherent cells were subsequently removed by 
washing with PBS, and the adherent cells were dissolved in 
SDS/NaOH. Bound 51 Cr-cpm were quantitated in a gamma 
counter. In some experiments, endothelial cells were 
activated prior to the adhesion assay by incubating with 
IL-1 0 (1 ng/ml) or TNF-0 (10 ng/ml) for 6-24 hours in 
defined CS-100 media (Cell Systems, Seattle, WA) . 



7.2. RESULTS 

7.2.1. SURFACE PHENOTYPE OF LYMPHOCYTES FROM 

NORMAL AMD LAD PATIENTS 

20 in order to establish what mechanism lymphocytes 

use during extravasation we first determined the surface 
phenotype of normal and. LAD lymphocytes with respect to the 
integrin receptors. These data are in Table VII and show 
clearly that the LAD cells possess a normal cell surface 
25 phenotype with respect to the 01 containing integrins. 
Since, as expected, the B cells derived from the patient 
with LAD were negative for fi2, this strongly suggests that 
*LAD lymphocytes use the fil containing integrins during 
their adhesion to and passage through the endothelium. 

30 
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Table VII 

Fleurescence Analysis of Integrin Receptor 
Expression by Nornal and IAD lynphoytes 





Ail im±U\J\Aj 


Floursscsncs Intensity 


a 




Jurkat (T) Ramos (B) 


ST-1 


IAD 


>2 


P4H9 


+ ♦ 


++ 




>1 


P4C10 


+++ ++ 


+ 


+ 


°2 


P1II5 


•H- ♦ 


++ 


+ 


10 a 3 


P1BS 


i 






a 4 


P4G9 




++ 




°* 


P1D6 


+ v- 


V- 


V- 



Flouresence intssity was determined on a three decade log 
scale and is expressed in arbitrary units with each plus 
indicating 50 units from 0-255 (channel numbers) . A 
plus/minus indicates a definate and reproducible shift 
above background (<50 units) . 
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Tabla VIII 
Adhaaion ot T and B Ly»phocyta* 
Resting and Activated HOVE Monolayer* 







Adhaslon (cpn) a 


Call -Lina 


Basal 


IL-10 


LAO (B) 


29360 


94580 


ST-1 (B) 


11572 


143860 


Ranoa (B) 


1088 


11168 


Jurkat (T) 


74196 


352028 


YT (t; 


43396 


189384 



cpa - counts par ninuta. Tha data ara from a singla 
raprasantativa •xparinant. 
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7.2.2. ABILITY OF LYMPHOCYTES TO ADHERE TO RESTING 
TO RESTING AND ACTIVATED ENDOTHELIAL CELLS 

Chromium-labeled lymphocytes from various cell 
lines were tested for their ability to adhere to either 
resting or activated endothelial cells (Table VII) . 
5 Although all th-i cell lines tested were found to adhere to 
some extent to resting endothelium, adhesion of T and B 
lymphocytes to endothelium activated by either IL-1 or TNF 
was observed to be much greater, by a factor of as much as 
ten-fold. Adhesion of lymphocytes from LAD patients to 
10 endothelium was not found to be significantly different 
from that observed for ST-1 cell lines derived from normal 
B cells (ST-1) . There was no difference observed among 
cell lines between adhesion to IL-1 versus TNF activated 
endothelium. 
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7.2.3. EFFECTS OF ANTI -RECEPTOR ANTIBODIES 

ON LYMPHOCYTE ADHERENCE TO ENDOTHELIUM 



When the ability of chromium-labeled lymphocytes 
to adhere to endothelium was tasted in the presence of 
hybridoma aupernatants, only monoclonal antibodies directed 
toward or 01 were found to inhibit adhesion; 

monoclonal antibodies directed toward other receptors such 
as the prototype fibronectin receptor and the alfil receptor 
were found to have virtually no inhibitory effect (Table 
8) . In the presence of monoclonal antibodies P4C2 
(directed toward a^J and P4C10 (directed toward fil) . 
adhesion of labeled lymphocytes to endothelium was 
completely abrogated. Interestingly, adhesion of LAD cell 
adhesion was also inhibited by anti-o^ antibody [P4C2J, 
30 indicating that the CD18 receptor is not involved in the 
observed adherence properties. In addition, although alfil, 
a501 (Table VIII) and fil (not shown) are expressed by 
lymphocytes, antibodies to these receptors did not inhibit 
lymphocyte adhesion to either basal or activated HUVEs (see 
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Tabla IX) . These data .how that surface expression of an 
integrin rscsptor and binding of an inhibitory antibody to 
it does not necessarily lead to inhibition of lymphocyte 
binding to endothelium. This implies a specific role for a4*l 
in mediating lymphocyte adhesion to the endothelium as the 
5 first step in extravasation. Furthermore, since the 
antibodies against -4/J1 inhibited lymphocyte adhesion to 
•ndothelial cells this suggested that the ligand for .4*1, 
the amino acid sequence EILDVPST (see Table XII) might also 
be involved in lymphocyte diap.de.i. via binding of -4/91 to 
10 this sequence present in a ligand expressed on the surface 
of the endothelium. 
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Table IX 

Effect of Inhibitory Monoclonal Antibodies on Lymphocyte 
Adhesion to HUVI Monolayers (IL-l* Activated) 



5 Call Line 



Antibody 



Specificity 



Adheaion (cpm) 
Basal +IL-10 



LAD (B) 



10 



SP2 

P1D6 

P1BS 

P4C2 

P4C10 



• 5 *1 
a 2 fi l 
Vl 



19542 
15686 
19064 
6458 

6360 



104672 
113696 
90912 
38132 
52552 



Ramos (B) 



15 



SP2 

P1D6 

P1B5 

P4C2 

P4C10 



Vl 



972 
808 
124 
456 
604 



12157 
11196 
10028 
3688 
3152 



Jurkat (T) 



20 



SP2 

P1D6 

P1B5 

P4C2 

P4C10 



• 5 *1 

-2*1 
a 4*l 



83924 
83956 
66580 
23108 
36892 



372159 
417588 
489952 
136632 
230416 
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7.2.4. THE ROLE OF CS-1 AS LIGAN1DTO afi, IN 
LYMPHOCYTE ADHESION TO ENDOTHELIUM 

The ability of synthetic CS-1 and derivative 
peptide, to inhibit adherence of chromium-labeled 
lymphocytes to activated endothelial cells was evaluated 
5 using various peptides. The synthetic CS-1 peptide was a 
strong inhibitor of T or B lymphocyte adhesion to basal or 
activated endothelial cell monolayers (Tables X and XI). 
Intaratingly, the EILDVPST sequence was the minimal peptide 
also required to inhibit lymphocyte adhesion to resting or 
activated HUVEs (Tables X and XI). In some cases, such ae 
with the Ramos B cell line, adhesion or theae cells to 
HUVE. could be completely abrogated with the EILDVPST 
peptide, in control •xperiments (Table XI), the RGDS 
sequence which is the ligand for the prototype fibronectin 
receptor, o^, did not inhibit lymphocyte adhesion to 
resting or activated HUVEs. 
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Tabla X 

Effect of Ce-1 and C«-l Derived peptide* on 
Lymphocyte Adhe«ion to HUVE's 



10 



15 



25 



_ 






Adhesion 


(cpm) 


Cell Line 


Peptide f 


Sequence 


Basal 


+IL-10 


IAD (B) 


293A . 


Unrsiatsa 


4 vu JO 


74096 




244 


CS*1 


17500 


26172 




350 




ND a 


42728 




352 


EILDVPST 


ND 


29484 




354 


GPZILDVPST 


KD 


27219 


Ramos (B) 


293A 


unr«iot«a 


4856 


11132 




344 




1660 


2828 




350 


Vr5T 


ND 


4568 




352 


EILDVPST 


ND 


2584 




354 


GPZILDVPST 


ND 


2265 


,Jurkat (T) 


293(A) 


Unrelated 


58084 


129864 




344 


CS-1 


29568 


75772 




350 


VPST 


ND 


127544 




352 


EILDVPST 


ND 


93056 


I 


354 


CPEILDVPST 


ND 


89721 



a ND-nbt determined 
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^ Tabl« XI ^ 

Effect of CS-1 and CS-1 Derived Peptides or RODS on 
Lymphocyte Adhesion to HUVES 



5 Cell Line 



Peptide # 



Sequence 



Adhesion (cpn) 
Basal +IL-1B 



Jurkat (T) 



10 



344 

3S0 
351 
352 



RGDS 

CS-1 

VPST 

UJVPST 

EILDVPST 



161092 
290688 

82404 
203716 
166948 

84456 



314848 
357616 
248976 
322208 
3262CC 
234796 



LAD (B) 



15 



344 

350 
351 
352 



20 



Ranoa (B) 



26 



344 

350 
351 
352 



RGDS 

CS-1 

VPST 

LDVPST 

EILDVPST 



RGDS 

CS-1 

VPST 

LDVPST 

EILDVPST 



44860 

70652 
22976 
38176 
39700 
29964 

2724 

16920 

1844 

4168 

3532 

1696 



71408 

102076 

51560 

98860 

92792 

58784 

12936 

28104 

5160 

15320 

15092 

4964 
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Tabla XII 

INHIBITION OF LYMPHOCYTE ADHESION TO FIBRONECTIN 
WITH PEPTIDES DERIVED FROM CS-1-B12 



5 PEPTIDE SEQUENCE INHIBITION 



CS-1 

A13 DELPQLVTLPHPN 

B13 LHGPEILDVPST *++ 

10 350 VPST 

351 LDVPST 

352 EILDVPST +++ 
354 CPEILDVPST .+++ 
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7,3. DISCUSSION 
Experimental observations (see Section 6, supra ) 
strongly suggested that the high affinity binding site for 
T lymphocytes in plasma fibronectin was located in the CS-1 
region of the IIICS domain. The CS-1 region is comprised 
of 25 amino acids (Figure 9). Therefore, it was important 
to determine the minimal peptide sequence responsible for 
the binding of the lymphocyte receptor to fibronectin. 

The initial stap we took was to divide the CS-1 peptide 
into two smaller peptides, A13 and B12 (Figure 9) and to 
examine whether either of these peptides could compete with 
fibronectin for binding to the receptor and therefore 

inhibit lymphocyte adhesion to fibronectin. The data 
clearly indicate that the inhibitory activity resides in 
the B12 peptide derived from the carboxy terminal portion 
of CS-1. The next step we took was to investigate the 
ability of increasingly longer peptides derived from the 
carboxy terminal portion of B12 to inhibit lymphocyte 
adhesion to fibronectin and CS-1 (RSA conjugate) coated- 
surfaces. These data show that with regard to adhesion of 
lymphocytes to plasma fibronectin and CS-1 the minimal 
amino acid sequence required for binding of © 4 0 1 is 
EILDVPST. 

Polymorphonucleated leukocytes (neutrophils) 
from patients with leukocyte adhesion deficiency (LAD) have 
a defect in expression of the fi2 integrin subunit and 
therefore cannot use the fi2 containing receptors (LFA-1, 
Ma£-1 or p 150/95) in their adhesion to the vascular 
endothelium. Neutrophils from these patients therefore, do 
not leave the blood stream to pass into peripheral tissues. 
LAD lymphocytes, however, do undergo diapedesis to pass 
through the endothelium and can be found in tissues derived 
from patients with this disorder. This, therefore, implies 
that lymphocytes use a mechanism distinct from the 02 
containing integrins during their passage from the blood 
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•tr*a> into the peripheral tissues. The following series 
of experiments comprises our attempts to fully understand 
the mechanisms utilized by peripheral blood lymphocytes 
during diapedesis. 

The experiments described supra have clearly 
5 shown the important role played by the receptor in the 

adhesion of lymphocytes to vascular endothelial cells. 

All lymphocyte cell lines tested were shown to 
express and/or by fluorescence analysis, and were 
observed to adhere to cultured human umbilical -vein 
endothelial cells. This adhesion was found to be blocked 
only by monoclonal antibodies directed toward o^; 
antibodies directed toward other receptors were not found 
to have essentially any inhibitory effect, revealing the 
importance of the receptor in the adhesive interaction 

between lymphocytes and endothelium. 

In addition, synthetic CS-1 and derivative 
peptides (Tables 9, 10, and 11) were found to inhibit . 
adhesion of lymphocytes to endothelium. The amino acid 
sequence EILDVPST was found to be particularly important to 
the interaction. It must be emphasized that it has not 
been determined whether the lymphocyte receptor is, in 

fact, interacting with fibronectin on the endothelial cell 
surface. It is also possible that a^fi l is recognizing the 
peptide EILDVPST or a similar sequence, in the context of 
another, non-fibronectin protein. 
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8. DEPOSIT OF CELL LIMES 

The following cell lines have bean deposited 
with the ATCC, RocXville, MD, and have been assigned the 
following accession numbers: 

Cell Line Accession Number 

p 4C2 HB-10215 

P4G9 HB-10213 

p 3E3 HB-10212 

P4C10 HB-10214 
The present invention is not to be limited in scope 
by the genes and proteins exemplified or deposited 
microorganisms which are intended as but single illustrations 
of one aspect, of the invention. Indeed, various 
modifications of the invention in addition to those shown and 
described herein will become apparent to those sJcilled in the 
art from the foregoing description and accompanying figures. 
Such modifications are intended to fall within the scope of 
the appended claims. 
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Accession Number HB-10213 
Accession Number HB-10214 
Accession Number HB-10215 
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WHAT IS CLAIMED IS: 

1. A method for inhibiting the adherence of 
lymphocytes to endothelial cells comprising exposing the 
lymphocytes to an effective amount of an antibody, or a 
fragment or derivative thereof, that binds to .401. 

5 

2. The method of claim 1 in which the antibody 
is a monoclonal antibody. 



10 



15 



3. The method of claim 2 in which the antibody 
is.P4C2, deposited with the ATCC and having the accession 
number. HB- 10215. 

4. The method of claim 1 in which the antibody 
binds to 01. 

5. The method of claim 4 in which the antibody 
is P4C10, deposited with the ATCC and having the accession 
number HB-10214. 

6. A method for inhabiting the adherence of 
lymphocyte, to endothelial cell, comprising exposing the 
lymphocyte, to an effective amount of peptide that binds to 
a401. 

25 7. The method of claim 6 in which the peptide 

i. conjugated to an antibody targeted toward endothelial 
cey.s. 

8 The method according to claim 6 in which the 
30 peptide comprise- at least a portion of th. ZZZCS region of 
fibronectin, or a derivative thereof. 



20 



35 



BEST AVAILABLE COPY 



WO91/0J152 PCT/L-SM/M97S 

• m 

9. The method according to claim 6 in which tha 
peptida comprises at laast a portion of tha CS1 region of 
fibronectin, or a derivative thereof. 

10. Tha method according to claim 6 in which 
5 tha peptide comprises at least a portion of the sequence 

EILDVPST, a derivative thereof, or a substantially 
homologous ssquence. 
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11. An antibody, antibody fragment or 
derivative thereof which may be used to inhibit the 
adherence of lymphocytes to endothelial cells. 

12. An antibody, fragment, or derivative 
according to claim 11 which binds to the «4J1 receptor. 

13. The antibody of claim 12 which is a 
monoclonal antibody. 

14 . The antibody of claim 13 which is P4C2 , 
20 produced by the hybridoma deposited with the ATCC and 

having the accession number HB--10215. 

15. The antibody of claim 13 which is P4C10, 
produced by the hybridoma deposited with the ATCC and 

25 having the accession number HB-10214 . 

16 . An antibody, fragment or derivative thereof 
which recognizes an epitope defined by monoclonal antibody 
P4C2. 



30 



17. The antibody, fragment or derivative of 
claim 16, which competitively inhibits the binding of 
monoclonal antibody P4C2. 
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18. An antibody, fragment or derivative which 
recognize, an epitope defined by monoclonal antibody P4C10. 

19. The antibody, fragment or derivative of 
claim 16, which competitively inhibits the binding of 

6 monoclonal antibody P4C10. 

20. A pharmaceutical composition comprising an 
effective concentration of antibody, antibody fragment, or 
derivative thereof, which inhibit, the adherence of an 
extracellular matrix receptor on lymphocyte, to endothelial 
cell, in a pharmacologically suitable carrier. 

21. The pharmaceutical compo.ition of claim 20 
in which the 'antibody, fragment, or derivative binds to 
a401 receptor. 

22. The pharmaceutical composition of claim 21 
in which the antibody is a monoclonal antibody. 

23. The pharmaceutical composition of claim 22 
in which the antibody is P4C2, produced by the hybridoma 
deposited with the ATCC and having the accession number. 
HB- 10215. 

25 24. The pharmaceutical composition of claim 22 

in which the'entibody is P4C10, produced by the hybridoma 
deno.ited with the ATCC and having the accession number. 

HB-10214. 

» 25. A pharmaceutical composition comprising an 

effective concentration of a peptide which inhibit, the 
adherence of lymphocyte, to endothelial cell, in a 
pharmacologically .uitable carrier. 
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26. The pharmaceutical composition of claim 25 
in which the peptide binds to «4/Jl. 

27. The pharmaceutical composition of claim 26 
in which the peptide comprises at least a portion of the 

5 IIICS region of fibronectin, or a derivative thereof. 

28. The pharmaceutical composition of claim 26 
in which th.'peptide comprise, at least a portion of the 
CS-1 region of fibronectin. or a derivative thereof. 

29 The pharmaceutical composition of claim 25 
in which the'peptide comprise, at least a portion of the 
sequence EILDVPST, a derivative thereof, or a sub.tantially 
homologous sequence. 
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30 A method of preventing lymphocyte migration 
into tissues comprising administering an effective amount 
of an antibody, or a fragment or derivative thereof, which 
prevents the adhesion of lymphocyte, to endothelial cell, 
via an extracellular matrix receptor to a .ubject in need 
of such treatment. 

31. The method of claim 30 in which the 
antibody, fragment, or derivative binds to «4#1. 

32. The method of claim 31 in which the 

antibody i. * monoclonal . antibody. 

•» 

33. The aathod of claim 32 in which the antibody 
30 i. P4C2, deposited with the ATCC and having the acc.ion 

number HB-10215. 
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34. The method of claim 32 in which th. antibody 
is P4C10, deposited with th. ATCC and having th. accession 
number HB-10214. 

35. A method of pr.v.nting lymphocyt. migration 
5 into tissue- comprising administering an effective amount 

of a peptide in a pharmacologically suitable carrier, which 
prevents lymphocyte adhesion to .ndothelial cells to a 
subject in need of such treatment. 

10 36 . ^ method according to claim 35 in which 

the peptide binds to o401. 

37. The method according to claim 36 in which 
che p.ptide compri.es at Last a portion of th. IIICS 
region of fibron.ctin, or a derivatiav. thereof. 

38 Th. m.thod according- to claim 36 in which 
the peptide comprise, at least a portion of the CS1 r.gion 
of fibronectin. or a derivatiave thereof. 

39 The method according to claim 36 in which 
th. P .ptid. comprise* at Last a portion of th. s.qu.nc. 
EILDVPST, a d.rivativ. thereof, or a .ub.tantially 
homologous eequence. 
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Attachment to Telephone Memo. 
Reasons for Holding Lack of L'nity: 

I. Claims 1-5. 11-24. and 30-3-1. drawn ro antibodies, 
methods of using, a pharmaceutical composition, and 
methods of treatment using the antibodies, classified 
in Class 424. subclass 85.8. 

TT. Claims 6-10. 25-29. and 35-39, drawn to peptides. 

methods of using, and a pharmaceutical composition, 
classified in class 514. subclass 8 . 12. and 16. 

The inventions are distinct, each from the other because of 
the following reasons. The peptides and antibodies described are 
wholly different entities in regards to structure and function. 
Therefore, their methods of use and compositions containing t.hem 
are also separate and distinct. 

Because these inventions are distinct for the reasons given 
above and acquired a separate status in the art as show/i by their 
different classification and divergent subject matter, and 
because Mie searches for the individual Groups are not 
coextensive, a holding for lack of unity for examination purposes 
ris indicated is proper. 
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